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COMPUTER PROGRAM FOR FINITE-DIFFERENCE SOLUTIONS
OF SHELLS OF REVOLUTION UNDER ASYMMETRIC
DYNAMIC LOADING

By Wendell B. Stephens and Martha P. Robinson
Langley Research Center

SUMMARY

A general computer program written in FORTRAN IV language which determines
the linear asymmetric bending behavior of a statically or dynamically loaded elastic thin
shell of revolution is presented. The loading may be applied either mechanically or
thermally. The variables are separated by representing the loads, displacements, and
stresses by Fourier series expansions in the circumferential direction. The resulting
set of equations is solved numerically by using finite-difference approximations in the
meridional direction and backward differences in the time direction. A three-layered
cross section which is symmetric about the middle surface is allowed. The boundary
conditions are taken in a general form which allows the program to handle elastic
restraints specifying a linear combination of edge forces and displacements. Nonhomo-
geneous initial conditions are also allowed. The data input procedure is described in
detail and sample calculations are included.

INTRODUCTION

The linear elastic behavior of any shell of revolution with a static asymmetric load
has been programed in reference 1 by using Fourier series expansions along the circum-
ference along the meridian of the shell. The programed analysis contained in refer-
ence 1 is based on the analytic formulation presented in reference 2. The shell theory
used is that of reference 3. The program in reference 1 calculates the Fourier coeffi-
cients of the series but does not perform the summations of the series. This paper
extends the analytic formulation and computer program of reference 1 to include asym-
metric dynamic response of shells of revolution and includes provisions for summation
of the terms of the series. Numerical integration of the dynamic equations is similar to
that given in reference 3 for a cylindrical shell and is based on Houbolt's backward dif-
ference method (refs. 4 and 5). The loading on the shell may be either mechanical or
thermal and these loads may be either static or dynamic. The thickness of the shell may
vary along the meridian, but the shell cross section must be symmetric about the shell



e = -

middle surface. In addition, the initial conditions include provisions for initial deforma-
tions. This paper is a user's document which contains the necessary instructions for
preparation of input data and subprograms. The program is written in the Control Data
version (ref. 6) of FORTRAN IV language for operation in the scope 3.0 digital computer.
The program requires an octal storage of 70000 memory words. The output of the pro-
gram lists the shell description and the nondimensional Fourier series summations of
the displacements, rotations, moments, and force resultants in a tabular (columnwise)
format.

The program presented in this paper is illustrated by two dynamic-response
example problems. In the first problem a comparison is made with exact results for
axisymmetric deformation of a cylindrical shell under initial deformation. The second
example demonstrates the input preparation for a conical shell with asymmetric deforma-
tions. The second example problem is a planetary entry "aeroshell" subject to asym-
metric pressures as the shell passes through the atmosphere with a small oscillation.
The data preparation is discussed in detail for this practical application.

SYMBOLS

The units used for the physical quantities in this paper are given both in the U.S,
Customary Units and in the International System of Unitsl(SI). Factors relating the two
systems are given in reference 7 and those used in the present investigation are pre-

sented in appendix A.

a reference (or characteristic) length

b nondimensional membrane stiffness defined in appendix C

d nondimensional bending stiffness defined in appendix C

E, reference modulus of elasticity

f g(n) nondimensional transverse meridional shear (see appendix B)
f frequency

h shell thickness

hg reference thickness
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Mg} ge’
M

Mge

last boundary station

MQ,M Meg bending-moment resultants

nondimensional thermal-moment resultant defined in appendix C

modified twisting moment (eq. (8))

m én),m é(n),m £ e(n) nondimensional Fourier coefficients for bending moments

N

N, NN, o,N

13 £6°776%

ﬁge

p™ p g(n) D én)
Qg yQQ

9,954

e

T (n)

T (g)

(see appendix B)
total number of stations
membrane force resultants
modified membrane shear (eq. (7))
Fourier index
first boundary station
Fourier coefficients for loads (see appendix B)
transverse shear resultants

distributed loads in normal, meridional, and circumferential directions,
respectively

aerodynamic pressure

radial distance from axis of symmetry to shell middle surface
shell meridian

Fourier ccefficient for temperature

Fourier coefficient for midplane temperature variation (eq. (30))
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£
UV,

ug(n),u(gn)

(n)

Fourier coefficient for temperature gradient per unit thickness normal
to middle surface (eq. (30))

inverse of frequency f£; period

face sheet thickness

time

nondimensional Fourier coefficients for membrane force resultants
nondimensional thermal-force resultant defined in appendix C
meridional and circumferential displacements

nondimensional Fourier coefficients for meridional and circumferential
displacements (see appendix B)

normal displacement

nondimensional Fourier coefficient for normal displacement
(see appendix B)

coefficient of thermal expansion
angle between a normal to the shell and fluid flow

coefficients of backward difference expression

meridional increment between interior stations

E
time increment, € = —9 AT
pa’

coordinate normal to and orginating at midsurface of shell, positive

outward

circumferential coordinate
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A= ho/a

v Poisson's ratio

£=s/a

P nondimensional radius, r/a

p shell density

Py density of face sheets

0o reference stress

T nondimensional time (eq. (9))

‘I’g"I’e meridional rotation

¢ colatitude angle

¢ g(n) nondimensional meridional rotation (see appendix B)
Y angle of attack

v amplitude of aeroshell oscillation (eq. (36))
Wg,Wg nondimensional curvatures (eqs. (1) and (2))
Matrices:

A’B’C’D,E?
4 X 4 matrices

F,G,H,J,Q,A

e,z,y,
2Y 4 X 1 matrices
f,g,l

A prime indicates a derivative with respect to £. A dot indicates a derivative
with respect to 7. Note that the superscript n is dropped from the Fourier coeffi-
cients when doing so would not cause confusion.



ANALYTICAL FORMULATION

Shell Geometry

The shell geometry and coordinates are shown in figure 1 and are identical to
those used in reference 1. A point on the shell is specified by coordinates £,6, where
¢ = s/a is the nondimensional meridional coordinate, s is the meridional coordinate,
a is a reference dimension of the shell, 8 is the circumferential coordinate, and
£ 1is a coordinate normal to and originating at the middle surface, positive outward.

Figure 1.- Surface geometry and coordinates,
OP =r; 0P = a/(bg; and OoFP = a/a)e.

If the shape of the middle surface is given by p = p(¢() where p=r/a and r is the
distance 0P, the nondimensional principal curvatures can be written as

_ (o 2]1/2
w = [1 (pp) ] )

T @



where

’}/:

=1

and the prime indicates a differentiation with respect to £.

Dynamic Response Terms

(3)

The equations of motion for a shell are obtained from the equilibrium equations of

reference 1 by the addition of the acceleration terms as follows:

wg[(pMé-)' Mgé) pM]+a[pNg 89 g pN]

82U

Ll -0 ™ 200, =
+2(w€ w9>89 M€6+a pqg—pEOh )

+§3—£-[:((U9—w E9il+aPQg~th 87'2

0

2
82w
20q = pEoh —
-

- ap( gNg + w9N9> +a
where ﬁge and M!;‘B are defined in reference 3 as

I_\I—,;:Q =—]:(N£9 + Neg + —];-((,()9 - (.()g)(Mg@ - M@g)
2 4a

M‘EQ =-;-(M£9 + MQ&)

The nondimensional time 7T is

T= [— 1
pa?

10
8g<a§p £+ gM-‘E@_pM9>+Ba_9<3§M9+ rgpM£9+p M§9>

(5)

(6)

(7

(8)

(9)



The positive directions of the forces, moments, rotations, and displacements are shown

in figure 2.
o N o
\<’ 9 Oe
N
/<N ei m
0
= e o
€ g £ &
(a) Membrane force (b) Rotations and transverse
resultants. force resultants.

E,UE

(c) Displacements.

(d) Moment resultants, (e) Ioads per unit area.

Figure 2.~ Positive sense of force, moments, shears, displacements,
and loads on a shell segment.

The Fourier series expansions of the unknowns in equations (4) to (8) and of & £
and Qg are summarized in appendix B in appropriate nondimensional form. By uti-
lizing these relationships and the stress-strain and strain-displacement relationships,
the governing second-order partial differential equations in matrix notation become

T

Ez™" 4 Fz(0)' L gz(0) = ¢ 4 Dz(n) (10)

where



Z(n)=< o 3 (11)
w(®
(n)
0

and u g(n), uén), w(n), and m én) are amplitudes of the Fourier harmonics of the
three displacements and the meridional moment. The superscript n refers to the

nth Fourier harmonic and is omitted hereafter for purposes of simplification in notation.
The dots represent derivatives with respect to time 7. The elements of the E, F, G,
and e matrices are defined in both references 1 and 2 and are included in appendix C.
The D matrix is

1 0 0 0)

ho |0 1 0 0
D=--

hy |0 0 1 0

lo o o o]

The vector y of stresses and moments is related to the vector z of displacements
and rotations by the equation

y=Hz'+Jz + 1 (12)

where the H, J, and f matrices are defined in reference 2 and appendix C. The
vector y is defined to be
(t N
£
t
6
y={} ? (13)

~

The tg, tge, fg, and ¢£ components are the Fourier coefficients (see appendix B)
of the axial-stress resultant, transverse-stress resultant, shear stress, and rotation
variables. It is convenient to express the boundary conditions at either £g or ¢£ L’
the end points of the meridional generatrix, in terms of the equation



Qy + Az =1 (14)

where the £ and A matrices and I vector are chosen so that the prescribed dis-
placements and forces at the boundary are satisfied. It should be noted that the dynamic
inertia terms affect only the equilibrium equations but not the boundary conditions.

Computational Techniques

The central finite-difference approximations used in equation (10) along the
interior stations of the meridian are defined in reference 1 as

v %41 7 Zi-1
z; = _le—l (15)
, 't Zidl T 221+ 2ig (16)
i A2
where
37
A=x7s (17
and where 1i=2,3,.. ., N-1. Here N is the number of meridional stations. The
first derivative of z and value of z at the boundaries of the meridian are
1 ™
zq = §<Zl + z2>
v 1
ZO = Z(—Zl + Z2)
. (18)
ZL = §<ZN'1 + ZN>

1

zp, = %(’ZN—I + ZN))

The first shell edge is located midway between stations 1 and 2 and the end of the merid-
ian is located midway between stations N - 1 and N. The first and final shell edges
are denoted by subscripts 0 and L, respectively.

10



The time derivatives can be represented by backward differences (as in refs. 5
and 6):

Bip =zig +BZig-1+ T1%i,0-2 ¥ 021,03+ 9210 *+ B Zi0
€=0,1,2,. .., i=1,2,...,N) (19)

where @, EZ , 71, and 35 are constants which depend on the time step and which, in
general ( Z 3), define a four-point backward second derivative. The constants &; and
B; are required for including nonhomogeneous initial conditions Zi 0 and ii,o- The
first subscript on z denotes the spatial station and the second subscript denotes the
time station. Since z; ,0 and z1 o Aare given initial conditions that allow z1 o tobe
calculated from equatlon (10), fictitious time points at Z =~1 and I =-2 can be
obtained by using the difference expression

. 1
Zj 0 = g(zzi,l + 325 0 - 62§ -1 + Zi,-z) (20)

. 1
2i,0 = 6—2(2'1,1 - 2250+ Zi,—l) (21)

where € is atime increment of 7. Thus equations (20) and (21), the given initial condi-
tions zi 0 and -zi,O’ and equations (10) and (12) in finite-difference form comprise
enough information to define the coefficients of equation (19). Therefore, at ¢ =0,

EO=BO=70=60=A0=0
R (22)
Bp=1
at L =1,
_ 6
Ay = —
1 2
= 6
By =-5
1 2
71=’61=o? (23)
~ 6
Cl!1=€—
51=-2

11



at 1 =2,

andat ¢ 2

N
— 2
0y = —
2 2
- 4
By = -5
2 €2
— _ 2
')’2—6—§
_ > (24)
5y = 0
dg =0
32——1 )
3,
2 }
0 =—
l €2
- 5
B____
€2
- _ 4
=5 ) (25)
= 1
0y = ——
l 62
&z—éz=J

Equation (19) with the constants in equation (25) is the standard four-point backward
difference expression for a second derivative. In defining the initial conditions z; o and

ii 0, only the displacement quantities which are the first three elements of z need to be

prescribed since the components in the last row in matrix D are all zero.

Thus,

12

by utilizing equations (10) to (19), the governing equations become
Bjz1 + Ajzg = g1

A1zi1,0 + Bizig + Cizi-1,0 =g i=23,...N-1) (26)

CNZN-1 *+ BNZN = 8N



where

(27)

en = fL - Sl

2E;
Ai=—A—+ F].
4E;
By = —— + 2 AG; - 2 A%; D
2E;
CI—T— Fy

gi = 2 Aej + 2 AD(EZ Zi 11+ 7 Zi,l-zgzi,l—S + & éi,O + B 21,0>J

Thus equations (26) are the complete set of equations required to solve for the
vector z;; at all stations i out to and including time step .
b

Step Loads

Step loads or suddenly applied loads represent a discontinuity in the load history at
a point in time k and, in essence, impart an acceleration to the shell. At this point in

time Kk,
- +
Zik = %ik
(28)
T
Zi k = Zik

13



but
s = ae
Zix # 2 k (29)

The superscripts - and + indicate quantities obtained by taking the limits of the
guantities at a time k from below and above, respectively. The acceleration z:k is
obtained from equation (10) with loads at k¥ imposed along with the deflection and
velocity at k. Thus, the problem becomes essentially another initial-value problem
with initial conditions given at time k. With Zj ko ii,k’ and z: k Vvectors computed,
the problem is continued similarly to the sequence of equations (20) to (25).

COMPUTER PROGRAM

Program Organization

The program developed in this paper takes the basic program in reference 1 and
modifies that program in two major ways. First, the program HGS of reference 1 is
modified to include a time-step cycling procedure to account for the inertia terms. The
second major change is that the Fourier coefficients for 11 variables (Ng, Ny, ﬁge,
Qg, Mg, My, Mge, Ug, Ug, W, and @5) contained in appendix A are summed for
the series truncated at some value n and for each point in time !. The value n at
which the Fourier series are truncated is supplied by the user.

To accomplish the first modification the following subroutines were altered or
added to program HGS of reference 1.

Subroutine Remark

MAIN MAIN structures the program so that HGS will calculate coeffi-
cients of the 11 output variables at all interior stations i and
boundary stations 0 and L for each station in time ¢ and
each Fourier variable n. It has been modified to include the
inertial terms and the time-stepping cycles.

INPUT INPUT is a user-prepared subroutine which supplies the shell
geometry. In addition, the time increment € is supplied by

this subroutine for the time-dependent problem.

CALZ The subroutine CALZ stores or computes Zj 05 21,0, and 21,0
and is the only new subroutine added to HGS.

14



ABCG The subroutine ABCG sets the coefficients @, B, ¥, 0, &,

and B in equation (19) as well as elements of the A, B, C,
and g matrices in equation (26). Note that B and g
include time-dependent terms.
ouTPUT The subroutine OUTPUT controls program printing. In addition,
it stores the vectors Zil, Zi-1» and 2§ 1-2 for use in
time step I +1 computations.

The flow chart of the present program follows.

START )
Read
INPUT

Set Fourier
variable n

Do to statement
label 2, n=0,
NFOUR

Calculate

Y ()

Call EFG
at i=2

\_/

Call FORCE
at 1=2

.

Define E,F,G,
equation (10)

Define vector e,
equation (10)

ix D Call ABCG Define _A,B,G,g,
?égtr(li(O)) at i=2 equations (26)
Reads Namelist
Call INPUT: Set shell FIRST (that is,
a : Call INIT boundary con-
geometry and € ditions at

time step, 1

Call HJF
at

Define H,J,1,
i=1 equation (12)

N N YN N Y

AN AN AN

Call FORCE

station 0)

; Do to statement
( Set point in ) P abel 18, 10, Set spatial label 3, 1= 3,
time, TIME N-1
_ I L =0 _
or
Call CALZ If load discon- Call EFG
tinuous at

-

y

?

15



®

( Call ABCG > (
Solve ABCG equa- c
tions by Gaussian all OUTPUT
Call PANDX elimination pro- (Print on tape) 19
cedure

alculates z of reference 2

Call EQ73 ) > See equation (73)

Call HFJ END of HGS
< at i=N > °

Reads Namelist
LAST (that is
Call FINAL boundary con. Call SUMUP
dition at i =1L)

The second modification, that of summing the 11 variables at each time step, is
accomplished by a followup program called SUMUP. Here SUMUP is actually a sepa-
rate program that uses the same control cards as the HGS program. Thus, there are
two programs but only one deck. The program HGS stores the information for all
required time stations ! and Fourier integers n of the 11 output variables on tape.
The program SUMUP rewinds and reads the tape. Then SUMUP performs the series
summation of the truncated series by using the Fourier coefficient taped from HGS.

A listing of HGS and SUMUP is included in appendix D. Note that all subroutines
which are not discussed in this report contain COMMENT cards in the listing explaining
their functions. In addition, an asterisk in the right-hand column denotes all the state-
ments that differ from the program presented in reference 1. The glossary of FORTRAN
names of the variables is given in reference 1.

Input Data

The input data are those of reference 1 with some deletions and additions. These
input data are now read into program HGS through the Namelists INPUTD, FIRST, and
LAST. The variable type R stands for a real (floating point) value and I denotes an
integer quantity. The complete list of Namelist INPUTD quantities and their definitions

follow:

16



Name

NU
TKN
CHAR

EALSIG

IND5S

NMAX

FREQ

NTIME

JUMP

RUNTYPE

NFOUR
KTHTIME

FORTRAN
variable

type
R

R
R
R

Description

Poisson's ratio
reference thickness, hg
reference shell dimension, a

Ea/0g, thermal coefficient used only if thermal
stresses are calculated

an integer value of 0, 1, 2, or 3

= 0, no poles;

=1, pole at £ =0;

=2, polesat £ =0 and &g,
= 3, pole at £ =&

total number of meridional stations

integer which controls the frequency for printing
numerical results. Results are printed at every
FREQth station.

number of time steps of size ¢ which will be taken

integer array (five elements) defining time stations
at which a load is suddenly applied. If not
required, then set JUMP(i) > NTIME.

integer defining type of problem to be run:

= 1, static case

= 2, dynamic-response problem with either zi 0
and/or 'Zi,O specified by functions ZINIT
and ZDINIT

= 3, dynamic response problem

last Fourier value to be summed

time-station interval at which coefficients of the
11 variables from N =0 to NFOUR will be
printed out. If none other than at the zeroeth time
station are desired, set KTHTIME > NTIME,

17



The namelists FIRST and LAST describe the boundary conditions at station 0 and
L, respectively, and are required when IND5 of Namelist INPUTD fails to define a pole
point at that station. These namelists define the elements of the matrices in equation (14).
The input quantities of Namelist FIRST are

Name Type Description
OMEG1 R a 4 X 4 array defining the £ matrix of equation (14)
CAPL1 R a 4 X 4 array defining the A matrix of equation (14)
EL1 R a 4 X 1 array defining the I vector of equation (14)

Similarly, the Namelist LAST quantities are

OMEGL R a 4 X 4 array defining the £ matrix of equation (14)
CAPLL R a 4 X 4 array defining the A matrix of equation (14)
ELL R a 4 X1 array defining the ! vector of equation (14)

In addition to these input values there are various user-prepared subprograms.
These subprograms, for the most part, are adequately described in reference 1. They

include:

Subroutine INPUT(NMAX) defining the arrays of p, 7, wg, w; W !g' and
the increments A and e

FUNCTION HHT(K, DEL) defining h/h,

FUNCTION DHHT(K, DEL) defining (h/hg)’

FUNCTION HRA(K, DEL) defining h/t

FUNCTION DHRA(K, DEL) defining (h/t)’'

FUNCTION P(K, DEL) defining p®™

FUNCTION PX(K, DEL) defining p g(n)

FUNCTION PT(K, DEL) defining p,

FUNCTION ZINIT(KK) defines zi 0

18



FUNCTION ZDINIT(KK) defines ii,O where

KK =1 corresponds to ug and 1'15
KK = 2 corresponds to ug and g
KK =3 correspondsto w and w

FUNCTION TEMP(K, DEL) defining T 1(n)

FUNCTION DELT(K, DEL) defining AT 1(n)

FUNCTION DTEMP(K, DEL) Mm@T@'

FUNCTION DDELT(K, DEL) defining ATl(n)' where h and t are the shell

and face sheet thickness, respectively.

The last four functions define the quantities and derivatives of the temperature
equation

T = 1) + aT M o) ¢ (30)

where Tl(n)(éj) is the Fourier coefficient of the temperature at the reference surface and

ATl(n)(g) is the temperature difference between the inner and outer surfaces per unit
thickness.

The two additional functions, ZINIT and ZDINIT, have been added for use with the
initial conditions required for RUNTYPE = 2. These functions define the initial
replacements and velocities required by the initial conditions.

Program Output

The output comes from both programs HGS and SUMUP. The output from the pro-
gram HGS consists of a complete list of the input data and of the shell geometry in tabular
form (that is, column format) at all stations. This output is followed by tabular listing of
the Fourier coefficients of the 11 variables in program HGS at the FREQth stations and
at the KTHTIME cycle for each value of n. The output of program SUMUP then follows
with the complete summation of the Fourier series to n equals NFOUR for the 11 non-
dimensional variables at each KTHTIME cycle. The printout of SUMUP is at a value of
6 where

6 = AK7 (31)

and AK is an INPUTD quantity.

19



Estimation of Increment Size

A discussion of the meridional increment size is contained in reference 1. The
size of the time increment € from equations (19) to (24) also affects the results. Basi-
cally, as the increment e tends toward infinity, the dynamic response is damped out.
Thus, the increment € must be made sufficiently small. As shown in reference 4, the
Houbolt method of initiating the problem and using backward differences is a stable
method of numerical integration for transient problems. The selection can be made by
comparing the results of increment size where increment is decreased by one-half until
agreement between the results is obtained within suitable limits.

EXAMPLE PROBLEMS

Cylindrical Shell

The purpose of this example is simply to demonstrate the accuracy of the program.
The problem is that of a simply supported cylindrical shell loaded laterally with an axi-
symmetric sinusoidal pressure oscillating with respect to time. The simply supported
boundaries are free to displace in the ug -direction at each end. The pressure q(£,1)
becomes

q(t,t) = p(o) sin Ecos 27fl
¢1,

For this particular example, the frequency f and pressure amplitude p(O) are taken

to be

f =10000 Hz

p(0) =1

The geometric parameters of the shell are

s/r =10
r/h = 100
h/t =2

20



Since at T =0, there is an applied load on the structure, the initial displacements
are assumed to be

Ug:ﬁcosﬁ
L

Uy=0

W = W sin "=
L

where the amplitudes U and W are calculated from exact linear theory (ref. 3) to be

T =0.107388

w = 1.11396
Further, the initial velocity becomes
21,0 =0

for all i.

In figure 3 the dynamic response of the deflection W at £ =0.5 is compared
with the exact solution by axisymmetric linear theory. (See ref. 3.) The curve in fig-
ure 3 shows that this numerical solution and the exact solution are in close agreement.
The numerical input for this problem was

NMAX = 21
v=0.3
At = 0.1 sec

o =0.000259 1P (7 991 ﬁ)

21



Exact results
— — Present resulis

A AN
VY

-2 C -
Figure 3.- Dynamic response of the deflection W at E,L/E
for cylindrical shell example.
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Conical Shell

Description.~ In order to demonstrate the data preparation required for using this
program, a practical aeroshell problem is analyzed. The simply supported 1200 trun-
cated conical shell of sandwich construction studied in reference 8 has been selected.

For this shell the loading is the aerodynamic pressure q acting laterally on the shell as
it passes through the atmosphere. In addition, the shell axis has a small wobble or angie
of attack  which oscillates as a function of time, and thereby causes the loading to be
applied asymmetrically. The purpose of such an analysis could be to ascertain whether
the oscillations of the shell axis cause any stress buildup in the stress resultant Ny. It
would be expected that any increase in Ny would have an important effect on shell
instability. The shell cross section along with its physical dimensions is shown in fig-
ure 4. The face sheets are made of aluminum and have a density Py of 0.1 lb/in3

(2.8 Mg/m3) and the core honeycomb has a density equal to 0.03p5. Thus, the average

density of the shell p is given by
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180.0in
(4,57 m)

Figure 4.- Physical dimensions of the conical shell.

_ 2t h - 2t
5= pa% +0.030= ) (32)

The dynamic forces are the Newtonian impact forces on the shell as it passes
through the atmosphere with a small wobble 3y and are defined to be

p = -2q cos2f (33)
where B is the angle between the normal to the shell reference surface and direction of
the fluid flow and @ is the aerodynamic pressure. Since ¢ is the colatitude angle
(see fig. 1) of a point on the shell meridian, equation (33) becomes

p= -2&(% sin2 Y sin o + cos2 y cos2 ¢ + 2 cos Y cos ¢ sin Y sin ¢ cos 6

+ % sin2 y sin? ¢ cos2 6) (34)
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Thus from equation (34) and appendix B, the Fourier pressure coefficients become

p(O) = -q(sin2 Y sin? o+ 2 cos2 Y cos2 qb)-\
p(l) = -4 (cos Y cos ¢ sin ¥ sin qb) } (35)
p2) = _gfsin2 y sin2 ®) J

Here the angle y/(t) is given by

Y = ¢ sin 27ft (36)

where Y is the amplitude of the oscillation and, for this example, is 5° or 7/36. The
frequency of oscillation f is 10 Hz.

From equation (12) the simply supported boundary at £ =0 yields the conditions:

- N ] N N
[_0 0 0 0 (tg [_1 0 0 0 rug (O
0 0 0 0|t £6 0 1 0 0 [{ug 0

+ ¢ =gy (37)

0000f‘50010wo

0 0 0 Off¢g) |0 0 0 1J5n§J g

The edge at £ = £ is pinned and restrained from horizontal displacement but
allowed to displace in the vertical (axial) direction; thus,

— - w - - N 7N

0 0 0 0 tg cos¢ 0 sin¢g O ug 0

0 0 0 0 tge 0 1 0 0 ug 0
. f + ? =J (38)

-sin¢ 0O cos¢ O] |f £ 0 0 0 0 w 0

0 0 0 0| | ¢ £ 0 0 0 1||m £ 0

- g\ J — -J / \ /

The initial conditions are taken as

(39)

zi0=2i0=0
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Namelist INPUT.- In keeping with the definitions in section on input data, the
Namelist INPUTD values become

NU = 0.32
TKN = 0.54

CHAR = 90.

EALSIG = 0

IND5 = 0

NFOUR = 2

NMAX = 76

FREQ = 2

JUMP(1) = 82,83,84,85,86
NTIME = 81

RUNTYPE = 3

KTHTIME = 82

AK = 0.

The boundary conditions required for Namelists FIRST and LAST have been given
in equations (37) and (38) and correspond with equation (12). In Namelist format the
values for Namelists FIRST and LAST are:

OMEG1(1,1) = 16*0.

CAPLI1(1,1) = 1.,4%0.,1.,4*0.,1.,4*0.,1.
ELI1(1) = 4%0.

OMEGL(1,1) = 2+0.,-0.5,7*0.,0.866,5*0.
CAPLL(1,1) = .866,4*0.,1.0,2%0.,.5,6*0.,1.0

ELL(1) = 4*0.



User-prepared subprograms.- The pertinent statements for the conical geometry
to be described in subroutine INPUT (see appendix D) are

RI = 40.1
RO = 90.0
PI = 3.1415926535979
ANG = PI/6
DEL = (RO-RI) /(RO*COS(ANG) *FLOAT(NMAX -2))
R(NMAX) = 1.0
R(I) = RI/RO
DELR = (RO-RI)/FLOAT(NMAX-2)
R(2) = R(1) + DELR/2
NM1 = NMAX -1
DOL1I = 3, NMI

1 R(@) =R( - 1) + DELR
DO2I = 1,NMAX
GAM(I) = COS(ANG)/R(I)
OMT(I) = SIN(ANG) /R(I)
OMXI(I) = 0.

2 DEOMX(I) = 0.

C IF RUNTYPE =2 OR 3 THEN SET EE AND RHO TO FIND TIME INCREMENT, EPS.
C HERE EE IS THE MODULUS OF ELASTICITY AND RHO IS DENSITY (LB/IN**3)

GACC = 386.088527
EE = 10500000.

RHOA =0.1
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RHO = RHOA*2.75/21.
SS = EE/RHO
EORHO = SS*GACC

EPS = SQRT(EORHO/CHAR **2) *TIM

A complete listing of the program is contained in appendix D. The statements
required for the function subprograms become

HHT = 1.0
DHHT = 0.
HRA = 27.
DHRA = 0.
PX = 0.

PT =0.
TEMP = 0.
DELT = 0.
DTEMP = 0.
DDELT = 0.
ZINIT = 0.

ZDINIT = 0.

It should be noted that the left-hand side of these statements defines the function subpro-

gram in which the statement is used. The statements required for function P(K) are

more involved. By setting @ in equation (35) equal to unity and recalling equation (36),

the required statements become
PI = 3.14159265358979
CPS = 10.

TIM = 0.05/CPS
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TAU = FLOAT(JTIME)*TIM
AO = 5.

A = AO*PI/180.

FEE = PI/6.

PSI = A*SIN(CPS*TAU*2. *PI)
Q=1./LAM

SA = SIN(PSI)

CA = COS(PSI)

SF = SIN(FEE)

CF = COS(FEE)

PO = -Q*(SA*SA*SF#SF + 2.*CA*CA*CF*CF)
Pl = -4 *Q*CA*SA*CF*SF

P2= -Q*SA*SA*SF*SF

IF(N.EQ.0.)P = PO

IF(N.EQ.1.)P = P1

IF(N.EQ.2.)P = P2

Output.- The results generated by the program HGS are summed by the followup
program SUMUP. The tabular results at 6 =0 (thatis, AK =0 in Namelist INPUTD)
are printed for the 11 variables and are shown for time 1T =0. It should be noted that the
output is nondimensional. In other words, the multiplicative constants involving 0g, b,
a, and Eg in front of the summation signs in appendix B are not included for the output
results. In order to get dimensional results, these nondimensional results must be multi-

plied by the appropriate constants of appendix B.
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ThE TIMESTEP I> "

N X1

4.247E402
4.219E+02
4.102E+02
3.565E+32
3.814E+02
3.€56E+02
3.4G3E+02
3.329E+02
3.167E+02
3.CJ9E+V2
2.E54E+02
247056402
2+560E+02
2.420E+02
24235E+02
2.154E+02
2.027E+02
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1.733L+02
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For this particular example, the maximum stress resultant value of Ny which
occurs at £ =0.70£y, is plotted in figure 5. Also included are the results when the
oscillation frequency f is 1 Hz or 100 Hz. In figure 5 the time axis is made nondimen-
sional by T, the time required for one cycle of oscillation (T = 1/f), for ease in com-
paring different oscillation frequencies. The time increment € taken for this example
was 0.05T. The difference in the results for frequencies of 1 Hz and 10 Hz is negligible
whereas for the 100-Hz case, there is substantial increase in compressive stress. The
time-response values at 1 Hz and 10 Hz settle down almost immediately to a harmonic
steady-state response pattern whereas the 100-Hz curve is still nonharmonic after four
cycles because of the larger change in 21,0' The change in pressure is occurring so
rapidly in this case that the rate of change in loading is approximating a step load.
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Figure 5.- Maximum stress resultant (£ =~ 0.70 and 6 = 0°) as a
function of time for various oscillation frequencies.

CONCLUDING REMARKS

This report describes the development of a computer program for the linear asym-
metric bending behavior of a statically or dynamically loaded elastic thin shell of revolu-
tion subjected to either thermal or mechanical loads. The program is an extension of the
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static analysis described in NASA TN D-3926 to include dynamic loads and summation of
Fourier components. These changes required the addition of the dynamic terms in the
equations as well as the restructuring of the program to include the initial conditions and
backward numerical integration of time derivatives. Two examples, demonstrating the
flexibility of the program as well as the data preparation required, have also been
included. The first example, response of a thin cylindrical shell to an oscillating pres-
sure, demonstrates the accuracy of the program for dynamic-response analysis. The
second example is used to demonstrate the preparation of user-supplied data for a prac-
tical analysis.

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., September 22, 1970.

31



APPENDIX A
CONVERSION OF U.S. CUSTOMARY UNITS TO SI UNITS
The units used for the physical quantities in this paper are given both in the U.S.

Customary Units and in the International System of Units (SI). Factors relating the two
systems are given in reference 7 and those used herein are given in the following table:

Physical quantity U.S. Cgﬁfg mary | Conversion factor SI Unit

R (@) (b) B
Length in. 0.0254 meters (m)
Density lbom/in3 27.68 x 103 kilograms/meter3 (kg/m3)
Modului, Velast_'}cr IR RSl = 1pf/in2 6895 newtons/meter2 (N/m2) J

AMultiply value given in U.S. Customary Unit by conversion factor to obtain
equivalent value in SI Unit.

bPrefixes to indicate multiple of units are as follows:

Prefix Multiple
micro (u) 10-6
milli  (m) 10-3
kilo (k) 103
giga (G) 10°
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APPENDIX B
FOURIER SERIES EXPANSIONS

The Fourier series expansion of the dependent variables in the circumferential

direction is presented in this appendix. The constant terms to the left of the summation
symbol are required to nondimensionalize the series coefficients in a consistent manner.

o0
Ng = Goho Z tg(n) cos né
n=0

o]
Ng = ogh, z t(gn) cos né
n=0

o0

—_— _ ~ n)

N;‘;‘G = Ophg Z t&é sin n@
n=1

h3 <

0,

M§=—%—o— Z mén) cos né
n=0

h3 <

o

M9=_'9'aTQ_ Z me(n) cos né
n=0

— o.h 3
Mge = oao Z mgén) sin nd
n=1
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APPENDIX C

DEFINITION OF MATRICES

Eq1=b
b(1 - V) sz(l - V)(30)9 - wg)z
Egg = 5 + — 8
E A2d(1 - V)(Bwe - wj)n
E32 = Eg3

2
Eg3 = 22d(1 - V)[@? + (1 + V)?’z:’

P
Egq = 22
E4q3=-d
Fll =7vb + b’

_(L+v)bn A2dn(1 - v)

Fis T 8p (3w§ - wg)(3w9 - w€>

Fig = b(wg + vw9> + Azd(l - v)l}l + V)'yzwg + <§;—%>(3wg - w9>jl

As shown in reference 2, the nonzero elements of the matrices E, F, G,and e
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Fog1 =

Fgg =

Fg3 =

Fg1 =

Fgg =

Fg3 =

Fgy =

Fq1 =

Fyq3=

G11 =

Giz2 =

Gig =

Gig =

APPENDIX C — Continued

-Fig

L5 2 o ) - 28D, - o oy - ofsg - 909

8
L D - o)
%ﬂ[‘za + V)ywg -~ w' + 3y(w§ - we):l+ A2d'Qa - u;I(szg - wg)n
-F13
A24d( A2d'(1 - v)n

__;p'_v)nlz;ng - ywg(5 + 2v) - wg':l + T(3w6 - wg)

2
_Azd(l - V)[(l + V)<2yw§w6 + 73) + 2)’;1 jl +22d'd - v) ﬁl NI iizzj]

A2y(2 - v)
dwg
-dvy
[ (1 - V)bnz
2p

9 2 (3w£ —w9>2n2:l

- 2241 - v
( A+ v)y wg + 8p2

11;)1' ) 32—;)Zybn _ Azd(lp— V)Vn,'j—(swg _ w9>§3w9 _ w;’:) +(1+ V)wng:l

A2d(1 - v)yn2|3wg - wg 1
p [ 3 + (1 + V)wg_,

bl}’g' + V(wg - w9>]+ b'(wg + ng) -

)\2(1 - V)’}/(.L)g



APPENDIX C — Continued

1 2
_ _byn (1 - v)nb"  a%d(1 - v)n
G21 = $(3 V) % + 0

[—(1 + V)'ngwe

1

+ §<6w§w9 . 7w§2 - 3w92> - %(&ue - 3w§il

24'1 -
_AdUd -y d (81p V)2(3w€ - we)(Swe - wg)

wgwe

- 2
Gzz = ')/Fzz + <1 V>bw£(,)9 - bi. - )\zd(]_ - V) !“_+_Zw62n2 -
2 p2 p2

(Bws - “’s)ﬂ

bniwy + vw 2 _
Ggs = - on 9p £>+ A dn2([1) V) [ng. 32, - 2(1p+ ) 4y
A2d'n(1 -
+ (30-’9 - wg)(7/2 + wgweil -— n;p V)y(3w9 - wg>
1/)\2(.091’1
Goq = - 5

, nzwg 2
Ggy = —by(we + vwg) + Azd(l -V)iy(l1 +v) —ywg + yzwg "5 + Zwé wy
p

2 ' ' 2
+ z—np—2—<7w£ - ywg - 3w5>} -22d'(1 - V)Bl + vpylog + ;?@w& } w9):l

bn Wy + VW A2d(1 - n2w9
Gz = _,,,,,( 5 g) + = (Zp V)nl}(l + V)<wgw92 - Yzwg + 2y2w6 - 2
+ 'ywé + 3')/2(w9 - w§> + w£w9(3w9 - wg):,

- é.zd_'(z%'__”)_n[%(l + v)ywe + 7(3“’6 - w£>:|

zd - 2 2
Ggg = —b(wgz + 2vw£w9 + w92> + L%V)L[EI + V)<w£coe - 2—2 + 2'yz>

23'(1 - 2
+ 2(7/2 + wgwgg' JAfdd - yn® (12 v)n (3 + v)y
P
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APPENDIX C — Continued

2
Ggyq = 22 a- v)wgwe + —VnT
P

Gy1 = d(wé + V'ng)

dvnw 9
Gg2 =—5

dvn2
G4 3= )
o

Ggq = -1
ey = -pg + tp - A2(1 - V)‘ngMT

n n
e2 = —pg - EtT - >\2(1 - V)ﬁwQMT

' 2
eg=-p - (wg + w9>tT - 22(1 - v)yMr + )\2(1 - v){})gwg - ;I;_z:lMT

eq =M

where
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APPENDIX C — Continued

¢EaT® dc
M = bl 2
T=4 S‘ 00h03(1 -v)

The nonzero components of the H,J,F matrix (ref. 2) are

H11=b

_b(l -»)  A2d(Q1 - v)
- + 58 V(g

2
sz 2 wg-wg)

22d(1 - v)n
H23 =—2p——@w6 - wg)

A2d(1 - v)n
Hs2 =—(2p—)“ (Bwo - wg)

Hig = A2d(1 - V)liz_r'l; + (1 + V)yzjl
P

H3q = 22
Hyg = -1

Jll = V’)/b

vnb
J12 =5~

Jdi1g = b(wé- + vwa)

- 211 -
_b(lzp vyn dx (;lgp v)n (3w£ _ we)(Swg _ wg)

da1 =
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Jag = ~vHgg
Jag = -vHa3
2 2 n2
Jg1 = -24d(1 - v){ (1 + v)y wg +2—2<3w£ - we)
P
2401 -
Jgg = __7_&(_2[31/)_yn[3w9 - wg 2(1 + V)(.z)@]
2 yn?
Jg3 = -24d(1 - v)(3 + 1/)—2
I

Tag = 22(1 - v)y

J41 = wg



APPENDIX D
PROGRAM LISTING
The complete listing of the program with both the HGS and SUMUP programs follow.

The asterisks on the right-hand edge indicate those statements added to or modified from
those given in the HGS program of reference 1.
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APPENDIX D — Continued

PROGRAM HGS (INPUTLOUTPUT ,TAPES=INPUT ,TAPE6=0UTPUT,TAPEL4)

MAIN PRCGRAM
THIS PRCGRAM CCNSISTS OF THE MAIN PROGRAM TUOGETHER WITH THE FGLLOWING
SUBROUTINES
MAT INV
EFG
OUTPUT
STRESS
EQ73
INIT
FINAL
FORCE
PANDX
ABCG
HFJ
KLT
BLB
POLE
IN ADDITICN TG THE ABOVE THE USER MUST SUPPLY THE FULLCWING SLB
ROUTINES ANE FUNCTICNS.
SURBRUUTINE INPLT--CALCULATES THE SHELL GECMETRY.
FUNCTION P-SPECIFIES THE NURMAL PRESSURE DISTRIBUTION.
FUNCTION PX—SPECIFIES THE MERIDIONAL PRESSURE DISTRIBUTION.
FUNCTICN F1-SPECIFIES THE CIRCUMFLRENTIAL PRESSURE DISTRIBUTICN
FUNCYICN TEMP-SPFCIFIES THE MERIDICNAL TEMPERATURE DISTRIBUTION
FUNCTION OTEMP- SPECIFIES THE DEKIVATIVE UF THE TEMPERATURE
FUNCTICN CELT~ SPECIFIES TFHE DISTRIBUTILN OF THE TEMPERATURE
VARIATECN THRCUGH THE THICKNESS.
FUNCTIUON CCELT- SPECIFIES RATE OF CHANGE OF DELT
FUNCTICN FRT-SPECIFIES THE SHELL THICKNCSS DISTRIBUTION
FUNCTICON CHHT-SPECIFIES THE DERIVAYTIVE OF THE THICKNESS.
FUNCTICN HKA-SPECIFIES THE DISTRIBUTION OF THE RATIO OF THE
TCTAL THICKNESS—~ TC -COVER PLATE THICKNESS.
FUNCTION DFRA- THE CERIVATIVE OF THE ABCVE RATIO.
INTEGER FREGCYNRESP,3CUNDRY, RUNTYPE
REAL NUyLANM N, JAY
CLMMON
3/BL3/NULANMSNJEALSIGyCHAR,DEL
6/BLE/ALA 4 ) 9B L4y4)sClAr4)ySMAG(4)
T/BLT/PEL(44441C2) 4X{4,1C2)
9/BLY/D (444 )9 ZECT(44102),20D0T(4,102),EPS
A/BL1O/JTIME
CUMMOUN/BLLILI/ZSAVE(444,102)
C/BL12/EINET2
6/BL14/AC,T11IM,CPS
G/BLl6/TAU
H /BL1I7/KTHTIME
K/BLLIB/RULNTYPE, JUMP(5)
DIMENSICN Z(44,1C2),IPIVCT(4) 4INDEX{442)
EQUIVALENCE(X(1,1)42(1,1))
NAMELIST/INFLTL/NL o TKNy CHAR, EALS IG, INC5,
INFUURy NMAX y FREQy JUMP,NTIME yRUNTYPE yKTHT IME, AK
C RUNTYPE = 1 STATIC CASE
C RUNTYPE 2 LCYNANMIC RESPONSE—-INITIAL CEFLECTIGNS
C RUNIYPE 3 CYNAMIC RESPONSE--INITIAL LOADS
12 REAC (5,INFLTC)
PRINT INPUTC
RT=RUNTYPE
READ(5,31)
31 FORMAT (72F
1 )
WRITE(6,431)
JTIME=0
N=0.
LAM=TKN/CF AR
K=1
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APPENDIX D — Continued

FURMAT (1A 1,15F TIME [TERATIONIS/LOH REAL TIME3XEL5.8,5X%P(1)=%
El5.7)

CUNTINLE

IF (JTINMEJNELC) GL T 17

IF (RUNTYPELEC.1) GC TG 16

IF (RUNTYPELEG.3) GU TO 16

CALL CaL2 (NMAX,INLCS)

NPRINT =2

CALL LUTPUT (FREQ,NMAX,DEL s NPRINT)

CUNTINUE

IF {(JTINMELNELJLMP(JIIY)Y GU TO 16&

CALL CALZ (NMAX,INCS)

Jdd=JJd+1l

ANPRINT=3

IF {RUNTYPELELL2ANELYTIMELEQ.O) GU TO 19

CALL HFJ (1,INCS,AMAX,2.)

CALL EFC{2,43TNCE,NMAX)

CALL FCRCEA(2,IND5,NNMAX)

K=¢2

CALL ABLGLK)

CALL INIT (INCE,RCUNDRY)

NMAXLI=NNMAX~-1

DI 6 K=3,MMAX]

CALL EFC(K,INES,NMAX)

CALL FURCE(K, INCS5,ANNMAX)

CALL AgCC(K)

CALL PANCX(K)

CALL HFJ(IANNAXZINDS yNMAX,2.)

CALL FILINAL (NMAX, INC3,2BCUNCRY)

LL 7 L=2,ANMAX]

K=NMAX+1~-L

CALL EGLT73(K)

TFCOINUS eECeaCoCRoINED.EGL3) GO TO 14

CALL £LC€73(1)

6L TC 15

CALL EFL(24INCSyNMAX)

CALL FCRCE(24INCS,NMAX)

K=2

CALL ARCC{K)

VL 2 1=l,y4

Sl=¢C.

52=0.

Uil 9 J=1,4

SI=S1+8(1,J)%2(J,43)

S52=52+R (1 41%22(J,2)

SMAGLT }=SMAG(1)-S1-S2

CALL MATINVIC y49SMACy LyULTFRMyIPIVCTyINCEX 4, ISCALE)

DC 10 1=1,4

LAl y1)=SMACLL)

CALL STRESSIFREG NMAX, INDS)

CALL LUTPLT (FREGC,ANMAX,LEL4NPRINT)
IF (RUNTYPE JANE. 3 ) Gu TU 21

IF (JTIME JMNFo JUMP(JIIY) GC TO 21
INI[TZ=1

CALL CALZ(NMAX, INCS)

NPRINT =2

CaLL CUTPULT(FREL, NMAX, IDELy NPRINT)

JJd=dJd+l

CUNTINLE

LUUNDRY =1

IF ((RUNTYFE JEC. 1) JAMU. (N JEQe FLUAT(NFOUR))) STOP
IFf (RUNTYPL.AE. 1) RUNTYPE=3

CULNTINLE

IF (N <twe FLCAVINFCUR)) STQOP

CUNTINUE

6L TG 12

£ ND
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APPENDIX D — Continued

FHHI=HFT({K,DEL)

FOHHT= OHFT(K,CFL)

FERA= FRA(KSLCEL)

FOHRA=CHRA{K, LCEL)

w=P(1)

FORMAT (5K y *F/FU= *EL2.595X*¥C(H/HO) /DS=%E124595X%¥H/T=%E12.5,5X
1%C{H/T)/CS=#%F12.5)

WRITE(644) FFFT, FDHHAT, FHRA, FCHRA

FORMAT (b X*TFIS RUN wWILL SUM FOURIER TERMS FRGM N=0 TO *14)
WRITE{6+5) NFCLR

WRITE(6,81) TIM,CPS

FURMAT(SX*¥TIME INCREMENT=%t1l4.7,9X*CPS=%E14.7)

REWIND 14

CALL RECOULT(14y 1, Cs FREGQy NMAX, NTIME, NFOUR, AK, TIM, RUNTYPE)
NFl= NFCUR+1

DG 2 IN =1, ANF1

N=IN~-1

RUNTYPE=RT

IF (RUNTYPE.LG.1) WRITE(6,22)

FORMAT(/15F STaAaTIC PRABLEM)

[F (RUNTYFE.EC.2) WRITE{6,33)

FURMAT (756t CYNAMIC RFSPONSE PRCBLENM WITH INITIAL OEFLECTICNS CGIVE
1N)

IF (KUNTYFE.EGC.3) WRITE(0y34)

FGRMAT (/75+ CYNAMIC RESPONSE PROBLEM — UEFLECTICNS CALCULATED FROM
1 INITIAL LCAGCS GIVEN)

DU » I=].y4

DO 3 J=1,44

vil,Jd)=C.

O(1,1)=1.

UV{242)=1.

D(3,3)=1.

DO 1Uul K=]1,AMAX

pC 101 J=1, 4

Petel(Jdy 24K)=C.

LSAVE( Jsl4K)=C.

LSAVF{Je2,K)=C.

LSAVE(Je3,8)=C,

LSAVE({J4,4K)=C.

LLUT(J4K)=C.

ZODOT(JeK)=C.

CALL INPUT (NMAX,NTIMVE)

WRITE (64,6C)

FCRMAT (/L1F INPLT CATA)}

W ITECE,164) NUSTKNCHARG N, EALSIGyNMAX,FREQ

FURMAT (/10 X26FFPLISSCNS RATIO {NU) =El6.B/
15X 31IHREFERENCE THICKNESS (TKN) =El6.3/
CBX28BHREFERENCE LENGTH (CHAR) =t1l6.8/
3LLX25HFCURTER INDEX (N) =El6.8/
GIX35HTEMPERATULPE COEFFICIENT  (FALSIL) =El6,.8/
56X3OHNULMAER OF STATIJNS (NMAX) =116/
6OXIOHPRINTING FREQUENCY (FREQY =116}

IF (KUNTYPELNELL) WRITE(6,35) NTIME
FORMAT(4X32ENUMBER OF TIME STEPS (NTINME) =116)
BOUNUDRY=0

IF ( IN .NE. 1} BCUNULRY =1

NPRINT=1

IF (N «E9e Co)CALL CUTPUT(FREQ, NMAXy, UtLy NPRINT)
JJd=1

DU 19 11=1,ATIVE

JTINVE=TI-1

INITZ=0Q

a=P (1)

1t (MUC(JTIMEGKTETINME) oNEo C) G TU 30
WRITE(S+2G) JTINMF ZTAU, G

R R R R I IR I I T R R LR R R
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SUL3GUTINE CALZ (NMAXe INDS)
~EAL NUsny LAV
CUMNMUN
L/BLL/RELC2)GANMELC2)+OMT{L1C2),0MXTI(LD2),DECMX(102)
3/BL3/NUSLAN Ny EALSICGyCHAR, DL
O/BLO/ALG44) 4B (4,4),0(49,44),S5MAG(4)
T/BLT/PEE(a,4y441C2) 9X(441C2)
G/3L9/0 4341, 2CCT(4,102),2DCAT{4,102)yEPS
A/BLLO/STINME
3/BL11//.SAVE(4,4,102)
C/BLLIZ2/ZINITZ
K/3L13/RUNTYPE, JUMP(5S)
INTLGER RUNTYFE
1+ (RUNTYPE JNE. 2) GJ T 12
Pee(ly3yK)=U X1
PEE(2y34K)=L THETA
PeEE(s5439K)=n
NuT{l,yk)=L XI [CT
ZDuTE2yK)=L THL A COT
ZoUuT{3,K)=w CCT
DU | K=1,NNMAX
DU I J=1,3
PEC(Jy3sK)I=ZINIT(J,K)
L LTI yK}=2RINIT(J,K)
MMAXL=NNMAX-1
Pxidl=(PtbEll433L)+PEE(L,342))/2.
PRI2=(PLE(y 2y 1)+PFE(2,3,2))/2.
PROIS=(PIELZ2,43,1)+PEE(3,4342))/2.
PrLL={PLE{ 143 ,NMAX)I+PEE(L, 3, NMAX]1))} /2.
PRLZ2={PEL (243 4MVAX)I+PEE(2,43,NMAXLY) /2.
PRUIS(PEE( 2y 3 4NMAXI+PTEF (3,3 ,NMAXLEN/ 2.
CALCULATIGN LF M XI
JL ¢« K=1yAMAX
1P (KJEG.L1) CGL TG 3
IF (K.EGQCOANMAX) GO TO 4
WOPS(PEE(3 2 ,K41) =2, %PLE(3, 34K}+PEE{3,34K-1))/DEL*%2
AP=(PTELl3y09K+1)—PFF{3,43,Kk=1))/(2.%Dcl )
UALP=(PEE (L3 4K+1)-PFE(Ll,y3,K=1))}/(2.%00L}
vl e 95
o wP=(PLe(342,2)-PFE({3,3,1))/LEL
UXLIP=(PHE( L1474 2)—PFE(L143,1)) /0L
WSS e P EE(S ¢ 39 L1 Ta¥PEE{34342)+45.%PEE{3y343)—PLE(3y344))/

COOOO0
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1{2.*DEL*%*2)
CALL BDB {(KyDELyNU,BLK1,BLKZ2,DM,BLK3)
PEEL43341)=DM*(—WOP+OMXI{1)*UXIP+(DEOMX(1}+NUXGAM(]1 }*aMXI(1))
L*PRO1-NUSGAM( 1 ) *¥W P+NUX (N/R( 1)) *%2%PRO3Z+NU*{N/R{1))*0OMT(1)*pPRQO2)
PEE(4+3,1)=C.C
GO TO 2
4 WP=(PEE(343yMNVAX)-PEE{3,3yNMAX~1))/DEL
UXIP={PEE(1 43 +NMAX)—-PEE(1y3sNMAX-1})/DEL
WOP=(3 . #PEE(333yNMAX)—T.*PEE(3,3,NMAX~1)#5.%PEE(3,3,NMAX~2)
1 —PEE(343¢AMAX-3))/{2.*+DEL¥*2)
CALL B8CB (KsDEL,NU,BLK1,BLK2,DM,BLK3)
PEE(443,NFAX)=DN* (—WDP+0OMX T (NMAX)*UXIP+{DEOMX{NMAX ) +NU*GAM (NMAX)
1¥0OMXI( NMAX) ) *PRLL1-NUXGAMINMAX) *WP+NU* (N/RINMAX))*%2%xPRL3I+NU*
2(N/R(NMAX) )*ONT{NMAX) *PRL2)
PEE(443,NMAX)=C.0
GO T0 2
5 CALL BCB (KsDELsNU,BLK1+BLK2,0M,BLK3)
PEE(443,K)=DV2(-WDP+OMXI({K)*UXIP+(DEOMX(K)+NU*XGAM(K) )*PEE(1,3,K)
1-NU*GAM (K ) *WP+NU* (N/R(K}) **2%¥PEE(3,3,K)+NU*(N/R(K))*OMT(K)
2¥PEE(2434K))
2 CONTINUE
PRO4=PEE(4,4,3,1)
PRL4=PEE(4+3,NMAX)
PEE(443410)=2.%FRO4-PEE(4y3,2)
PEE(4934,NFAX)=2 . %PRL4—-PEE( 4453 ,NMAX])
12 NMAX1=NMAX-1
IF (RUNTYPE .EC. 2) GO TO 21
DO 11 K=2,hMAX]
DO 11 J=l,4
11 ZDOT(JyKI=(11a*ZSAVE(J949K)—18a*ZSAVE(Jy39K)+9.%¥2SAVE(J 924K )}—2.%
LZSAVE(Jy1,K)} )/ (6. %EPS)
21 DO 9 K=2,ANAX]
CALL EFC (KyINCS,NMAX)
CALL FCRCE (KyIND5,NMAX)
CALL ABCG(K)
D0 10 I=1,4
SUM=0.0
DO 20 J=1+4
20 SUM=SUNM+A(IsJ)*PEE(Jy3,K+1)+B{TI,J)*PEE(Jy3+KIH+C(TJ)%PEE(JI434K-1)
10 ZDOOT( I4K)=(SUM-SMAG(I))/(2.%DEL)
ZD00T (44K )=0.0C
9 CONTINLUE
RETURN

END

46
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APPENDIX D — Continued

SUBROUTINE FFJIKy INDS s NMAX,YAH)

C SUBROUTINE G+FJ ThIS SUBROUTINE CALCULATES THE ELEMENTS OF THE H,F,
C AND J MATRICES,AS CEFINED IN APPENDIX A OF REFERENCE(1),AT THE STATION
C SPECIFIED BY THE IANDEX K.

COMMON
1/8L1/R(102)4GAM(102),0UMF(102),0MXI(102)},DEOMX(102)
3/8L3/NUsLAM,N,EALSIGyCHAR, DEL
5/BLS/H{4,4)9FF (4) 3 JAY(4,44)

REAULNU g LAM Ny JAY,L2

CALL BCBU(K,DEL,NU,B,DByD,DD)

L2=LAM*%2

D1=(1l.—-NU)

OX=C;XIlK)

REG=0.

IF{YAH.EC.2+) REG=1l.

EAL=EALSIG

T=TEMP{(K,LCEL)

DLY=DELT(Kk,CEL)

H1=HHT(K,DEL)

HRB=HRA (K, LEL)

FF{1)=—2.%F1%EAL/(DL1*HRB)}*T

FF(2)=0.

FF{3)=L2%CHARYEAL*CLT#*H1%%3/3.%({1l.5/HRB~3./HRB*%2+2,/HRB**3)

FF(4)=0C.

IF{INDS )L, 1,2

2 TF{{{INDS—-2).LE.N) .AND.(K.EC.1)) GO TO 8

IF({{IND5-2).CT.0) .AND.(K.EQ.NMAX)) GO TO 8

1 GA=GAMI(K)

FF{3)=FF(3)%*GA

RA=R (K}

UT=0MT(K)

ENR=N/RA

UXT=3.%CMXT(K)-CMT(K)

UTX=3,*CMT(K)-CMXI(K)

DL=D*L2*D1*ENR

H{l,1}=8

H{l+,2)=C.

H{1l,3)=C.

H{l,4)=C.

H{2+1)=C.

H{242)1=B*D1/2.4L2%D*D1/8.%0T X**2¥REG

H{2,3)=DL/2.%CTX*REC
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H{2y4)=C.

H{341)=C.

H{3,2)=0L2CTX*YAH /4.

ENR2=ENR*%2

H{3,3) =L2%C*D1*{YAH¥ENR2+ (1. +NU)*GA*%*2)

GA2=GA**2

H{3 44)=L2

H{4,1)=C.

H{4,2)=C.

H(4,3)=-1.

H{4y4)=C.

JAY (15 1)}=NL*CA%R

JAY (19 2)=NU¥B%ERR

JAY (14 3)=B3{CX+NUXQT)

JAY(ly4)=C.

JAY (25 1)=~B*C1#ENR/2.-DL/8.*CXT*0OTX*REG

JAY (2 ,2)=—CA%+(2,2)

JAY(243)=-GA%H(2,3)

JAY(2,4)=C.

JAY(3,1)=-L2%C#*L1*( (1 .+NU) *GA2*CX+ENR2/ 4. *0UXT*YAH)

JAY (3,4 2)=—CA*¥0L/2 .%( 2.%0T*( 1. +NU)+0TX/2.%YAH)

JAY (3,33 )=—L2%L*01# 1. +NU+YAH) $GA®ENR2

JAY(3,4)=LZ*D1*GA

JAY (4,1)=CX

JAY(4,2)=C.

JAY (4,3)=C.

JAY (444)=Ca

GO 1O 5
o DO 61I=1,4

DO 6J=1y4

H{I,J)=C.
6 JAY(I,J)=0.

HUl,1)=B%*(1.+NU}

H(L 2)=N*¥B*NU

H(2,1)=8%¥D1%{ ~N)/2.

AWB=D1#* (=3 % (1. +NU)N®¥2%{3 . +NU))

AnW=AnWB*LC

LLI=AW/ (—2+NUF(NX%2-1.})

ATHETA=1.52C*N#CX*D1*(3.+NU)

AXI=1.5%¥D%Cx*C1%(2.2(1 .+ NU)—-N)

H(3,4)=L2%(2.—-NU+2.%AWB)

H{4,3)=-1.

JAY(143)=82(1.+NU}I*CX

JAY(4,1)=CX

OH=DHHT(M,CEL)

DTOH=DHRA(N,CEL)

DULT=DDELT(M,CEL)

DTMCM=CFAR*EALSIG/34/01%¥((1.5/HRB-3./HRB**2+42,/HRB**3 ) ¥{H]1**3%DDLT
L43%0H®XEL#*22%CL T)+DLT*H %% 3%¥DTOH/HRB**2% (-1 .546./HRB—6./
2HRB*%*2))

FE(5)=DTNMLM* (2. %AWEB/ (-2 . +NU* (N %2—-1.))+2.-NU)
5 RETURN

END
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SUBRUUTINE OUTFUT (FREGC,NMAX,DELyNPRINT)
C SUBRUUTINE CUTPLT THIS SUBRCUTINE CONTRCLS PROGRAM PRINTING AND
C PUNCHING.GEUMETRIC DATA IS PRINTED IF IND1 IS NOTY EQUAL TO ZEROD.ANY
C OR ALL CF THE ELEVEN OUTPUT QUANTITIES CAN BE PUNCHED BY SULTABLE

C SPeCIFICATIUN CF TFHE FIELDS OF THE NOtL CARD

CCMMUN

L/BLI/RCLC2)yGAM(I1C2),0MT(1C2),UMXI(102),DEGMX(102)
T/BLT/PEE{4y441C2)4X(441C2)
9/BLO/D(4,4)2IC0T(4,102),20DCT(44102)4EPS
A/BLIO/JTIME

B/BL11/ZSAVE(44441C2)

H /BL17/KTHTIME

DIMENSICN JJ(L1),KK(11),ESS{102),YORD(102)

EQUIVALENCE  (X(141),ESS(1}) (X {1y 27)4YURD(1))

INTEGLR FREQ

6C

TO (1CCCyLCCLe10C1 )y NPRINT

1000 WRITE(6011)

11 FURMATA(//TX4FR/RBy12X4HZ/RBy12X4HS/RBy 8XL1HUOMEGA THETA, 7TX8HCMEGA X

1001

[+]

6Ub
604
6006
603

2001

100>
1004
1307
300v

100s

LIy 7XLORCEONMEGA XT ,8X5HGAMMA/)
LED=0.
$S=0.

tu

8 I=1,NVAX

IF(i-1)¢&48,5

DEM=DEL

[F((TEQa2)CR(ILEQ.NMAX)ICEM=.5%DEL

S5=S+DEV

ARGU=UDENMZ*Z-(R{TI)-R(I-1))%%2

IF(ARGUL.LELC.) CGC TC 8

ZED=SJURT{ARGUI+ZED
WRITEU6,12)RIT)2ED,S5,CMT(I),OMXI( 1), DECMX{I),GAM(I}

FURMAT( T7E16.8)
KETURN
1F (NPRINILFG.3) GC TO 51

NMAX1=RNMAX-1]

0C

6 J=144

PEE(Jv 3,1 )1=02(PFF(Jy3,1)+PEE(Jy3,2))

PEE(J s 34NNMAX )= 5% (PEE(J,y3yAMAXL)+PEELU, 3,NMAX])})
IDO0T(J,1)=.5%(2C0T(Js 1)+IDCT(J,2))

LDUTOS fANMAX) =82 {ZDCT{JyNMAXT )+ ZDUT (S NMAX) )}
LODOT (U1 )=a53[7DECT(I, 1)+2000T(J,2))

LEOCT (J G NVMBX)=20% (ZCOUT{J,AMAXL )+ZDDOT (JyNMAX))
WwRITE(6,602)

602 FURMATII//2¢8F INITIAL DISPLACCEMENTS GIVEN//
LeXLbS,8x4kL XIo11XTHU THETA, LOX4HM XLy 14X1HW/)
KLUNT=C

VDC 603 I=1+NMAX

1F

({l1atQal)eCR.ITILEQW2).URL{I.EQ.NMAX)) GO TO 604

KOUNT=KCUNT+ 1

it

(KOUNT-FREGQ) 6C3,605,605

KUUNT=C

WRITE(6,6C€) ESS{T),PEE(L43,1)sPEE(2y3,1)9yPEE(443,1),PEE(3,3,1)
FOURMAT (1XF€.3,4E16.8)

CONTINLE

PKINT 2CO1

FOCRMAT (LHL//*ZICCT%x/ /)

KCUNT=(C

DL 3030 I=1,NNAX

IF

((I cEQal) R (T.8Q.2).0R.{I.EQ.NMAX}) GO TO 1004

KCUNT=KCUNT+1

IF

{(KOUNT-FPEQ) 3CC0,10C5%,10C5

KLUNT=0

PRINT 1C07y (2LCT(K,1)9K=144)
FORMAT (4EZz(C.8)

CCNTINUE

PRINT 1CC8

FURNMAT (///% ZLCOY%//)

KGUNT=C

DU
1F

2030 I=1.NNMAX
((IeEQel)aCRlTLE2)e0R{TILEQ.NMAX)) GO TO 2104

o 4 3 3 3 3 W b 4 3 B b 3 3 oAb 4 3 g oa PO dE E o R 3 3 3t
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KOUNT=KOUNT+1

IF (KOUNT-FREC) 2000, 2005,2005
KCUNT=0

PRINT 1CQO7,(Z0DOT(K4I)yK=1y4)
CONTINUE

GO Ta 6CC

KOUNT=0

DO 33 I=1,MFMAX

IF((I.EQel) .CR{I.EQ.NMAX)) GO TO 103
PEE(4:3,1)=X{4,1)
PEE(1,43,1)=Xx(1,1I)
PEE(253,1)=X(2,1)
PEE(343,1)=X(3,1)}

GO TO 33

IF{I-1) 1C4,1C4,105

K=2

J=1

GO TO 1cCé

K=NMAX

J=NMAX

PEE(4y3 9 )=o5%(X{49K)+X{4,K-1))
PEE(Ly39J)=oS52(X(1yK)+X{1yK-1))
PEE(2¢39J)=a5#{(X(2yK)+X(29K-1))
PEE(3439J)=a58(X{3,K}+X{3,K-11))
CONTINUE

JSAVE=JTIME+]

IF (JSAVE.GT.5) JSAVE=5S

GO TO (144+7741041CC)y JSAVE
DO 200 K=14NPAX

DO 200 J=1,4
IZSAVE(J9lysK)I=PEE(Jy3,K)

GO TO 5C1

DO 210 K=1,AMAX

DO 210 J=1,4
ZSAVE(J92¢K)=PEE(Jy3,K)

GO T0 501

DO 22 K=1,MMAX

DO 22 J=1l,4
ZSAVE( Je3 +K)=FEE(Js3,K)

GD 10O 501

DO 23 K=1,AMAX

DG 23 J=1,4

ZSAVE{ Je4+KI=PEE(Js3,K)

GO0 10 501

DO 24 K=1,AMAX

DO 24 J=1,4
ZSAVE(J9lyK)=ZSAVE(Jy2,K)
ZSAVE( Jy2¢K)=ZSAVE(Js3,K)
ZSAVE( Je34K)=2SAVE(Js4,K)
ZSAVE(Je49K)=PEE(Jv3,4K)

IF (NPRINTLEC.2) GO TO 13

IF (MOC({JTIMEKTHTIME) .NE. O) GO TO 1003
NOPTS= (NMAX-2)/FREQ+2
SMAX=DEL*FLCAT (NMAX-2)
WRITE(6,53)SMAX

FORMATY (/9 SMAX/RB=EL16.8)
ESS(1)=0.

DO 20 I=2,NMAX

DEM=DEL
IF((1.EQe2)e0R(IEQ.NMAX)) DEM=DEL/2.
ESS{I)= ESS(I-11+DENM /SPMAX
WRITE(6,42)

2 FORMAT (/4X1bSs8X4FN XTI 411 XTHN THETAy10X4HN XT412X4HQ XIy12X4HM XI,

111X7HM THETA/)

KOUNT=C

DO 3 I=1,NMAX
IF((I.EQal)elR{I.EC.2).0R.{I.EQ.NMAX)) GO TO 17

* % % %%

******%********************
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KOUNT=KCLAT+1
IF(KOUNT-FREQ) 3,18,18
18 KOUNT=G
17 WRITE(6,7) ESS(I),PEECL42,1),PEE(251,1)yPEE(2,2,1)4PEE(3,2,1),
LPEE(4,341)4PEE(L,1,1)
7 FORMAT (1XF€.3,6E16.8)
3 CONTINUE
WRITE(6,2C1)
201 FORMAT{/4X1hSs8X4HM XT,12X4HU XI,11XTHU THETAy12X1HWs L2X6HPHI X1/}
KOUNT=0
DO 202 I=1,AMAX
IF ({I.EQa1)eCR.{I.EQ.2).0R.{I.EQ.NMAX)) GO TO 203
KOUNT=KCUNT +1
IF (KOUNT-FREG) 202,204,204
204 KOUNT=C
203 WRITE(6,205) FSSUI)sPEE(3,1,01),PEE(1,3,1),PEE(2,3,1),PEE(3,3,1),
LPEE(442,1)
205 FGRMAT (1XF€.3,5E16.8)
202 CONTINUE
1003 CONTINUE
500 M=0
JJn
JJ(2)
JJi3)
JJ(4)
JJ(s)
JJte)
JIET)
JJta)
JJ(9)
JJ(10)
Ji(1n)
KK 1)
KK{2)
KK(3)
KK 4)
KK{b5)
KK( &)
KKI(7)
KK(8)
KK(9)

L T T | T N O T I A VR

L T I T T

W = N N~ NDWN == DUWNR

3

x X
"X
— -
~—
~ 0O
——
#

N

KKK=11
DC 50 L=1,KKK
J=JJiL)
K=KK(L)
KOUNT=0
DG 19 I=1,hPAX
M=1
IF{{I.EQ.1).CR.(I.EQ.2)) GG TO 19
M={NMAX-2)/FREC+2
IF(I.EQ.NMAX) GC TO 19
KCUNT=KCUNT+1
IF(KOUNT-FREC)19,21,21
21 KCUNT=0
M=(1-2)/FREC+2
19 YORDIM)=PEE(JysK,1)
Nl=(NMAX~-2)}/FREQ+2
101. FURMAT{SE1Ze5¢4X214)
DO 102 I=1,N1
ABC=YCRDI(T1)
CALL RECQUT(1l4, 1, Cy, ABC)
102 CONTINUE
50 CONTINLE
13 RETURN
END

* o %R
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SUBROUTINE EFG{K, IND5,NMAX)
C SUBROUT INE EFG T+IS SUBROUTINE CALCULATES THE ELEMENTS OF THE E»,F,AND G
C MATRICES,AS DEFINED IN APPENDIX A OF REFERENCE (1),AT THE STATION SPECIFIED

C BY THE INDEX K.

COMMON

1/BL1/R{1C2)GAM(102),0MT(LC2),0MXI{102),DEOMX(102)
2/BL2/EL494)sClasb) o Fl4qs4)
3/BL3/NUSLANJNLEALSIC,CHAR,DEL

REAL NUsLAM N, LAMZ |

CALL BDB{(X,CELsNU,B,DB,0,0DD}

E(l,1)=B

E{142)=0.

E(l,3)=C.

E(1+4)=0.

E(2+1)=C.

Dl=(1.—NU)

LAM2=LANS%2

RA=R(K)

GA=GAM(K)

OX=CMXI(K)

0T=0MT (K)

DEX=DECMXIK)

GA2=GA**%2

REX=(3.#07T-CX)

RXE=(3 .*%CX-CT)

OTX=0T7#0X

DNLR=LANM2*E*N¥L1/ (2 .%RA)

DONLR=ONLR*CD/D

E(2492)=B*C1/2 +LAM23D*D1*REX*%2/8.

E(2+3)=DNLRFREX

E(2y4)=C.

E(3,1)=C.

E{(342)=E(2,3)

RAN=(N/RA)*%2

E(3,3)=LANMZ*C*D1* (2. ¥RAN+{1.+NU)%*GA2)

E{3,4)=LANM2

E(441)=C.

E{4,2)=C.

E(443)=-0D

El4,4)=C.

F{l,1)=GA*B+C8

FILy2)=(1.4NUY#BEN/ (2 .*RA)+LANLR*REX*RXE/4.
F{Lly3)=BX(CX4NUXOT )+LAMZXDHC1¥ ({1 +NU) *GA2*OX+RAN*RXE/2.)
Fllye4)=LAN2¥CX

F(241)=—F(1,2)
F(242)=(C1/2.)*(GA%R+DB)-(LAM2%D*D1*REX/8.)*(2. *DEX-GA*(5.%CX
1-3.%0T) )+ LAM2*CD*D1*¥REX*%2/8.
F{243)=DNLR#(2.*(1.+NU)$GA*OT-DEX+3.*GA*{0X—-0T) ) +DNDNLR*REX
Fl24+4)=0.

F(3s1)=—F(1,3)
FU3,2)=DNLR*(3 . %GARCX-GA*¥OT*(5.+2.%NU)—-DEX)+DDNLR*¥REX
FU3,3)=—LAN2¥DED1*({1.+NU) *(2.%CA*OXX0T+GA**3)}+2,#GA*RAN)
1+LAM2*CLEC1*{ (1 .+NUDI*GA2+2 . ¥RAN)

FU344)=LAN2%GA*(2 .-NU)

Fl4,1)=D*CY

Fl4,2)=0.

F(4,3)=—D*NU*GA

Fl4,4)=C.

GlLl 41 ) =NURCB¥CA-—NUXBXUTX—B*GA2-D1*B*RAN/2 «—LAM2%D¥D1*( (1. +NU)}*GAZ*
LOXEX2+RXEIF2¥RAN/B.)
G(1,2)=NU*N*DB/RA-(3.-NU)/ (2. ¥RA)*GA*B*N-DNLR*¥2 .*GA*(REX*RXE/ 8.
L+(1.+NU)*0TX)
G(Lly3)=B*{LEX+CAX(CX—0T)})+DB*{OX+NU*0OT)-LAM2*XD*D1*GA¥RAN¥(RXE/2.+!
11.+NU)RCX)

G(le4)=LAMZ2XD1*GA*0X

G291 )=—B%CARN#{3.-ANU)/ (2.%RA)-CLI*¥N*DB/ (2. %RA)+DNLR*¥2 . % (—1l*( 1+
INU) #CAROTX4GA/ 8.2 {6 . ¥0TX=T . ¥0OX*¥*2~3 %k T*%2)—DEX/4.*¥{5.*¥0T-3.%CX))
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2—DUNLR/4 . #REX®RXE

G(242)=—CA%F (2,2 )4CL/2 «*B*¥0CTX—B*RAN—LAM2*D*D1¥* ({1 .+NU) *QOT**2%RAN
1-UTX/B.*REX#%x2)
G{243)=—8%MN(CT+NU*CX) /RA+DNLR* {GA*DEX—-2 ., ¥GA2*%0X-2.%( 1. +NU)*0T
1¥RAN+REX®(GA2+CTX) )-DDNLR*¥REX*¥GA

G2 ,4)=—NUSLAN2XOTHN/RA
G(3,1)=—B*¥CAX(CTH+NUZOX }+LAM2*C*D1* (GA* (1. +NU)I*(-GA*DEX+GA2*0X
1-UX*RAN+2 JXCTXHCX J+RAN/ 2. *¥{ GA*OX—GA*OT—-3,*%DEX) )

2= LAVN2*CC*D 1% { (1 4+NU)XGA2*0OX+RAN/2 4 *¥RXE}

Gl 342)=—8B%N*(CT+NUXOX) /RA+DNLR*¥ (2% (1 . +NU) *¥{CTX*0T-GA2*%0X+2.%GA2
1#0T—OT*RAN ) +GAZCEX+3, ¥CA2* (OT-OX) +OTX*REX)—DDNLR*¥ (2. % (1. +NU)*CGA

2#CT+GA*REX)

G(3¢3)=—8B¥{(CX¥%242 ,FNUROTX+0T4%2)+LAM2*D*DL*RAN*( (1. +NUI*(QTX—RAN
L+2.%CA2) 42 . %(GA24CTX) ) —LAM2*CD*D]1 *RAN*{ 2, +NU) *GA
Gl34y4)=—LAN2¥(D1*¥CTX+NU¥RAN}

Gl4,1)=CH(CEXHNU*CA*0X)

Gl4,2)=CENLENZCT/RA

Glas3)=CENLRERAN

Gl4a,4)=—1.
RETURN
LND

SUBRUUTINE FCRCE(K,INDS NMAX)

C SULRUUTINE HURCT

THIS SUBRUJTINE CALCULATES THE ELEMENTS OF THE LOWER CASE

C E-VECTIR AS DEFINEC IN APPENDIX A UF RCFERENCE(1), AT THE STATIGN SPECIFIED

C 8Y THE INDEX K.

CCMMON

1/BLL/RUYC2) 4GAMILC2)+IMT(1C2),0MXI(102),0EGMX(102)
3/BL3/NUSLAMNSJEALSIGsCHAR,DEL

4/BL4/CEELA4A)

REAL NUjsLAVM,N,L2

REAL MSTP

RA=R (K}

GA=GAM{K)

JX=CMX ] (K)

UT=CMT (K)

T=TEMP (k,CEL)

DT=CTEVMP(K,CEL)

DELTLI=0ELT(K,CEL)

DLT1=DOELT(K,CEL)

PX1=PX(K,LEFL)

PTL=PT{K,CEL)

Pl=pP(K)

H=HHT(K,CEL)

Dh=ChHHT{K,CEL)

HR3=HRA{K,LEL)

DHRB=DHRA{K,CEL}

Di=1.-NU

L2=LAM*%2

EAL=EALSIG

TSUBT=2.%F%CAL/(D1*FRB)*T

MSTP=CHAR¥REAL/ (3. %C11*¥( (1 .5/HRB-I./HRB*¥242, /HRB**3 ) & (DLTL1*H*#¥3+3,
LEH**2%CF*0ELT1)+DELTLI®H*%3%DHRB/HRB** 2% (—]1 .5+ 6. /HRB—6./HRB*%2))
" CEE(4)=CHAR*EALSDELTL*H% %3/ (3.%C1)*#(1.5/HRB—34/HRB**2+2,/HRB*%*3)
CEE(1)==PX142.*EAL/(D1*HRB)*(H¥CT+T*DH)—DHRB/HRB*TSUBT-
1L 2%D1*GA*CX*CEE(4)
CEE(2)==PT1-N/RAXTSUBT-L2%0D1*N/RA*UT*CEE(4)
CEE{3)=—Pl—(CX+0T ) *TSUBT-L 2%D1*GA*MSTP+
LL2*C1%CEL (4} ¥ (CX*0T-(N/RA)*%2})

RETURN

END

# % % % % % ¥
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SUBROUTINE ABCC (K)
SUBROUTINE ABCCG—— THIS SUBRGUTINE CALCULATES THE A,8,C, AND LOWER

CASE G MATRICES USING THE CURRENT VALUES OF THE E+F,G, AND LCWER CASE
E MATRICES.
- COMMON

2/BL2/E(444)9C(494)sF(4494)
3/BL3/NULANMSN,EALSIGsCHEAR,DEL
4/8L4/CEE{4)
6/BLO/ALGs4) 3B 4s4)4CL444),SMAGI(4)
9/BLY9/D44+4)92C0T(4,4102),IDDCT{4,102),EPS
A/BL10/JTIME

B/BL11/ZSAVE(4 44,1021}

UIMENSICN TERM(4)

REAL NyRUyLAV

D2=2./DEL

D4=4./DEL

UDX=2.%DEL

DOl1I=1y4

SMAG(I )=CX*CEE(I)

DOl J=1,4
B{lyJ)=—D4*E(1,J)4CX*G(1,J)
ClLy)=L2%E{I4J)-F(I,J)
A(19J)=C2%E(T1,J)+F(I,J)
JJ=JTINVE+]

IF {JJ.GT.5}) JJ=5

GO TO (2+34495,6), JJ

DO 14 J=1l,4
TERM(J)==6FZSAVE(J sl 4K I-6 ¥ EPSHXIDUT(J 4K =2 ¥EPS*¥2%Z2000T(JyK1}
DO 15 [=1,4

SUM=0.C

DU 25 J=1l+4
SUM=SUNM+D (I, J)*TERN{J)

SMAG{ 1 )=SNMACCT)+SUMBDIX/EPS**2

DG 16 1I=1,4

DO 16 J=1l+4

BII yJ)=Bl1yJd)=6.*%¥DX2D(1,J)/EPS®%2
RETURN

DO 17 J=1.+4

TERM(J)=—4 ¥ZISAVE(J 929 KIH+2  ¥ZSAVE(JylyK)—EPS*¥22ZDDOT(JyK)
DO 18 I=1.4

SUM=0.0

DO 26 J=1,4
SLM=SUNM+D{ Ty JI*TERNM(J)

SMAG( L )=SMAGII)+SUNSOX/EPSH%2

GG TO 16

DG 20 J=1,4
TERMIJ)Y=—5.%ZSAVE(Jy3 1K I+4HISAVE(J92sK)-2SAVE(J,14K)
DO 21 I=144

SUM=0. C

00 27 J=1,4
SUM=SUM+D (T4 J)*TERNM(J)
SMAG({I)=SMAC(T)+SUMIDX/EPS*%2

GO T0 19

DO 22 J=1l.+4
TERM(J)==5.%ZSAVE(J st yKI+4 o BHISAVE(J439K)I-ZSAVE(J424K)
DG 23 1I=144

SUM=0,C

DO 28 J=1+4
SUM=SUM+D (T ,JI*TERN(J)
SMAGLI)=SMACG(I)+SUMRDX/EPS**2

DG 24 1=1,4

00 24 J=1l.4

BOI yJ)=B{I19J)=-2.%CX*D(1,J) /EPS*%2
RETURN

END
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SUBRUUTINE INIT (INC5,BCUNDRY)
CALCULATIGN OF THE P-MATRIX AND THE X-VECTOR AT THE FIRST STATION.
INTCGER BCUNCRY

CCMMUN
2/8L2/EL444)4CGlayb) Fla,4)
3/7BL3/NL LAV, N,EALSIG,CHAR,NEL
4/BL4/CEL(4)

S/BLO/H{444)yFFL4) 4 JAY (444)
6/BLO/AL4,4) 8 L4a94)4Cl404),SMAG(4)
T/BLT/PEF(45441C2) +X(4,102)

DIMENSICN CMEG1(444),CAPLL(4,4) ELL{4)
DIMENSICN IPIVCT(4) oINDEX(4,2),A0(444)4B0(4y4)4A3(404),A4(4,44),G0(
14)

NAMELIST/FIRST/CMEGL,CAPLL1,ELL

REAL JAY NoNUSLAV

DO 91 (=144

GO(I)=0.

1F (INDS) 13,13,1C

I[F (INE5-2) 11,411,413

CALL PCLE(N,DELyF,G)

IF (BULANURY.EC.1} GC TC 16

ARITE(A,166)

FCRMAT (/27+ BCULNCARY CCNDITICNS AT S=0)
ARITE(6,40)

FURMAT (38F CUANDITICNS FCR A& SHELL PCLE CENERATED}
GU TO lé

IT (BOUNCRYLEC.1) GG T 70

DU 4l I=1,4

ELL(I)=C.C

DO 41 J=l,4

UMEGL{T,J)=C.C

CAPLI(I4J)=0.C

REAU(S5,FIRST)

WRITE(6,166)

WRITE(6,161)

FURMAT (/21X5HCVMFGA 4 43XSHLAMDA34X3HELL/)

DU 168 I=1,4

WRITE(6916SICNEGL(T 41) 4CMEGL{L42),GMEGL(1,3),GMEGL{I,44),
1 CAPLL(I+1),CAPLL{I,2)yCAPLL(L+3)4CAPLL(I,4),
2 ELI(T)

FURMAT (4c 1244920 EX4EL2.4))

DG 1 I=1,4

VU 1 J=1,4
BULLyd)=r(14JI/CELYJAY(1,0)/2.
AULLsJ)=JAY(1+d)/72.-HIT,J)/CEL

DC 2 I=1,4

DO 2 J=1,y4

51=0.

S2=C.

DO 3 L=1+4

SL=S1+CMEGL T yLI%80(L,J)

55
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52=S2+0MEGL (I ,L)*BO{L,J)
A3(1,J)=51

A4(I,4)=52

DO 5 I=1,4

§$1=0.

DO 4 J=1,4
S1=S1+OMEGL1(I+J)%*FF{J)
BO(I,J)=A3(1,J)+CAPLL(I,y)/2.
AO(IoJ)=AG(14J)4CAPLLLIVJ)/2.
GO(I)=ELL(T1)-S1

CALL MATINV (Cs44CEEyO,DETERM,IPIVOT, INCEXs4,4ISCALE)

51

50

53

52
le

60

59

61

57
56

56

DO 50 I=1l,4

DO 50 J=ls4

S1=0.

$2=0.

$3=0.

DO 51 K=1ly4
SLI=S1+C(lsK)*B(K,yJ)
S2=S52+C(I+K}I*A(Ky J)
S3=S3+BC({I,K)*C(K,yJ}
A3{1,J)=S1
A4(1,3)=52

E(I,J)=S83

DO 52 I=1+4

DO 52 J=1l,4

S1=0.

$2=0.

DO 53 K=1,4
S1=S1+BO{ 1 4K}*A3(KyJ)
$2=S2+BO{1,K)*A4(K,J)
FLyJ)=S1-AC(I4J)
GlI,4)=S52

CALL MATINV(F 444G ,4DETERM, IPIVCT, INDEX 4, ISCALE)
IFCINDS dEQG.CeCR.INDS5.EQW3)

DO €0 I=1,4
X(I,1)=0C.

DC 60 Jd=l,4
PEE(Isdel)=ClI44)
CALL PANDX(2)}
RETURN

00 54 I=144

S1=0.

DO 61 J=l44
PEE(L+J42)=C(1,4J)
S1=E(I1,J)%SMAG(J)+S]
GO(I)=S1-GC(I)

DG 56 I=1,4

51=0.

DC 57 J=1l+4
S1=S1+F {1+ J)*GC(J)
X{I,2)=51

RETURN

END
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SUBRUUTINE PANCX(K)
C SUBRUUTINE PANLX THIS SUBRCUTINE CALCULATES THE P MATRIX AND THE X—VECTOR
C AT THE SVATIUN SPECIFIER BY THE INDEX K USING EQUATION (29) OF THE TEXT.
CCMMCN :
6/BLO6/A(494)+sB(4434)4Cl444)ySMAGL4)
T/BLT/PEE{44+441C2)4X(4491GC2)
DIMENSICNPLI(444), IPIVOT(4) 3 INDEX{492)9X1{4)yX2(4)
DO 1 I=144
DO 1 J=1,44
SUM=0.
DC 2 L=1y4
2 SUM=SUM+C(TL)I*PEE(LyJesK—-1)
L PL{TI4J)=B(I,4)-SUM
CALLMATINV(PL 444y%X24y0sDETERM, IPIVOT y INDEX, 4, ISCALE)
DO 4 I=144
SUM=0.
DO 3 J=1y4
3 SUM=SUM+C(I,J}*X(J,K-1)
4 X1{J1)=SFAG(I)-SLM
DU b5 I=1,4
DC 5 J=1+4
SUM=0.
DC 6 L=1,4
SUM=SUM+PL (T 4LI*A(L,J}
PEE(IyJyKI=SUV
DG 7 [=1y4
SUM=0.
DC 8 J=1,4
SLM=SUM+PL (I ,J)%X1(J)
X({I4K)=SUM
RETURN
END

(e

~ o

SUBRUUTINE EQ73(K)
C SUGRUUTINE EQ73 THIS SUBROUTINE CALCULATES THE SOLUTION VECTOR AT
C THE STATIUN(K),CIVEN THE SOLUTICN AT K+1.
CUMMUN
T/BLT/PEE(44441C2),X(4,102)
DIMENSICN 2(4,102}
EQUIVALENCE (X(1,1),Z(1y1))
DU 1 I=1y4
SUM=0.
LU 2 J=1ls4
2 SUM=SSUMAPEE(T,JsK)I*Z(JyK+1)
L Z(I4K¥=X{I4K)-SLM
KETURN
END
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SUBROUTINE FINAL (ANNAX, INDS,BOUNDRY)
CALCULATION CF SOLUTION VECTCR ASSOCIATED WITH LAST STATION
. INTEGER BCUNCRY
COMMON
3/BL3/NU,LAM Ny EALSIGyCHARy DEL
S/BLS5/H{454),FF(4) yJAY(444)
T/BLT/PEE(45451C2) 9 X(4,41C2)
DIMENSICN CMEGL(444)sCAPLL(444) ELL(4)
DIMENSICN IPIVCT(4) oINDEX(4,2)9Al(494)3A2(4,4)5A3(4,4),PS1(4,4),
1GMU4,4)4ETA(4)+8(4,44)
REAL JAYsN,NU,LAV
NAMELIST/LAST/CMEGL,CAPLLyELL
90 IF (INOS5) 13,13,10
10 IF (INDS-2) 13,11,11
11 CALL PCLE (NyLEL,PSI,GM)
IF (BUULACRY.EC.l) CGC TC 16
WRITE(6417C)
170 FUORMAT (/30F BCUNDARY CUNDITIONS AT S=SMAX)
WRITE(6,4C)
40 FORMAT (38+ CCNCITIONS FUOR A SHELL POLE GENERATED)
GG TO 1le
15 IF (BOUNCRYJ.EG.1} GO TO 70
DO 4l I=1,4
ELL(I)}=0.0
DO 41 J=144
OMEGLII,4)=0.C
41 CAPLL(f4J)=C.C
READ (54LAST)
15 WRITE({6,17C)
WRITE(6,167)
167 FURMAT (2L XEFCNMEGA y49XSHLAMCA,34X3HELL/)
DO 171 I=1ls4
171 WRITE(E,L6SICNEGLUT 41 ) yCMEGL(L42)+0OMEGLIUTI43),CMEGL(TIy4),
1 CAPLL{T 1) +CAPLL(I+2)+CAPLLIT+3)+CAPLL{L+4),
2 ELL(I)
169 FCRMATU(4ELZo442{6X4E12.4))
70 DO 1 I=1,44
DU 1J=1,4
AL(T,J)=JAY(IsJ)/2.4H(I1,J)/DEL
L A2({1,J)=JAY(14J)/2.-H(T,J)/DEL
DC 2 I=144
DU 2 J=1,4
s2=0C.
53=0.
V0 3 L=1,4
S2=UMEGL(T,L)#*A1(L,J}+S2
3 S3=UMEGL(I,L)*A2(L,J)+S3
PSI(I,J)=S2+4CAPLL(I,J})/2.
2 GM(1,J)=S2+4CAPLLIIL,J)/2.
le DC 4 I=1,4
DG 4 J=1,4
S1=0.
DU 5 L=1y4
5 SI=S1+PSI(I,L)*PEE(LyJsNMAX-1)
4 B(I4J)=CM(I,J)-S1
DO 6 I=1s4
S1=0.
52=0.
DO 7 J=1,4
S1=S1+PSI(L,J)*X{JyAMAX-1}
T S2=S2+GMECL{TJ}*FF(J)
6 ETA(I)}=tLL(I)}-S1-S2
CALL MATINV(E y49ETA,)1 +DETERMyIPIVOT INOEX+4 4 ISCALE)
DO 12 I=1,4
12 X{I,NMAX)=ETALI)}
RETURN
END
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SUBROUT INE
SUBROUTINE
N XIy, N XI
N THFETA AT
COMMON
1/8L1/R(1C2)
3/BL3/NU,LAN
5/BLS5/H{444)

APPENDIX D — Continued

STRESS{FREQ,NMAX, INDS)

STRESS—— THIS SUBROUTINE CALCULATES THE SECONDARY QUANTITIES
THETA, Q@ XI,4 PHI, M THETA, M XI THETA, M XI THETA, AND

EACH STATION ALONG THE SHELL.

2GCANM(1C2),0MT(102),0MXI(102),DECMX{102)
+NeEALSIC,CHAR, CEL
2FF(4) 2 JAY (444)

T/BLT/PEE(A+4,41C2)9X(4,1C2)

8/BLB/AK(344
DIMENSICN 2
EQUIVALENCE
INTEGER FRE
REAL NysNUsu
KCUNT=0

DO 9 I=1,A¥
IF({l.EQC.1)
IF(I-2) 13,

V9 ALL{3,4),STHER(3)
(491C2),Y(4)4DZ(4)

(Z{lyl)eX(1s2))
(N
AY , LAM

AX
#CRL{IT.EQ.NMAX)) CO TO 1
13414

KOUNT=KCUNT+]

I+ {KCUNT-FR
KUUNT=C

DC 3 L=1+4
Y{L)=Z(L,1)
DZIL)I=(Z(L,
Gu T0O 2
IF{I=-1)4,4,
K=2

GO T 6
K=NMAX

DO Ll L=1,4
Y{L)=.5%(Z(
DZALI=(Z(Ly
CALL HFJ(I
CALL KLT(I,
DO 7 L=1,4
SuMl=0.
SuM2=0.
DURNM=1,4

EQ19,412,412

1+41)-Z2{L,1-1))/2./DEL

5

LaK)+Z(L,K-1))
K)=Z2(LsK-1))/DEL
INCS5yNMAX, 1.}
INCS,NVMAX)

SUML=SUNMLI+ BH{L,MI*DZ(M)

SUMZ=SLM2+d

AY(L,M)*Y(M)

PEE(Ly2,T)=SUNMI+SUM2+FF (L)

L0 9 L=1,3
SUM3=0.
SuM4=C,
DO 10 M=1,4
SLM3=SULNM3+A

K{LyNM)XCZ(M)

SUMA=SUNGHALLIL,M)®Y(M)
PEE(Ly1,yI)=SUNM3+SUMG+STHER (L)

CUNTINLE
RETURN
END
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APPENDIX D — Continued

SUBROUTINE KLT{K, IND54NMAX)
C SUBROUTINE KLT THIS SUBRCUTINE CALCULATES THE ELEMENTS OF THE MATRICES

C WHICH ALLOW THE CALCULATION OF THE QUANTITIES M-THETA,N-THETA,AND M-XI THETA
C AT THE STATICN SPECIFIEC 8Y THE INDEX K.

COMMON
1/BL1/R(102)+GAN{1C2),0MT(102),0MXI{102),DEOMX(102)

3/BL3/NU,LAMN,EALSIG,CHAR, DEL
8/BL.8/AK{344)ALL{3,4),STHER(3)

REAL NUsLAF,N

CALL BDOBIKsDELyNU+sB+DB+DyDD)
D1=D*(1.-NU)

D2=D¥* (1 .—NL*#%2)

OX=0MXI1(K)

EAL=EALSIC

H=HHT(K,DEL)

HRB=HRA{K,CEL)

TEMPER=TEMF(K,CEL)

DELTAT=CELT(K,LCEL)

STHER (1)=—CHAR*EAL*CELTAT *H2**3%(1./(2.*HRB)-1./HRB**%*2
1+2./(3 .%¥HRE*%3))
STHER(2)==2.%H*EAL*TEMPER /((1.-NU)*HRB)
STHER(3)=C.

IF(INDS)L, 1,2

2 IF{{{INC5—2)«LE.C)eANDL(K-EQ.L1}) GO TO &
IFI({INDS—2).GV,.0) AND. {K.EQ.NMAX}) GO TO 8§

1 RA=R(K)

GA=GAM({K)

OT=0MT (K)
REX=3.,*%CT-CX
RXE=3.*CX-CT
RAN=N/RA
RANZ=RAN**2
AK(1ly1)=0.
AK{1,2)=0.
AK{1,43)=—GA*C2
AK(1y4)=0.
AK{2,1)=B*NL
AK(2,2)=0.
AK(243)=C.
AK(244)=0.
AK(311)=0-
AK{342)=D12REX/4.
AK(3,3)=RAMC]
AK(3,4)=0C.
ALL(1l,y1)=CA*CX*LC2
ALL{1,2)=D2*RANR0OT
ALL {1, 3)=LC2#%RAN2Z
ALL{1,40=NL
ALL(2,1)=B*CA
ALL(24y2)=B%*RAN
ALL(2,3)=BF{CT+ANU*CX)
ALL(2,4)=C.
ALL{341)=—D1*%RANERXE/ 4.,
ALL (34 2)=—CA®*L1*REX/4. -
ALL(34y3)=—CA*RAN%X(C]
ALL(3,4)=C.

GO TO 6

8 DO 3 I=1,3
DO 3 J=1l44
AK(I44)=0.

3 ALL(I,4)=C.
Cl=a(N%%2/2e=1e)/{1e+NU-N*¥*2%NU/ 2. )
AK({1,1)=D2%Cx*((1.+ANU)*Cl+1.)
AK( 142 )=D2*CX*N*(NU*C1+1.)
ALL(194)=(DMU-({1l.~NU*%*2}%C1)
AK(2,1)=B*(1.+ANU)}

AK{ 242 )=B*N
ALL(2,3)=B*(]1.4NU)*CX
C2=24+2 o ¥*NL-NLUEN%®%2
AK{3,1)=D13N%{1./C2-0X%X/2.)
ALL(3,4)=—-N¥{1.-NU)/C2

6 RETURN
END

60



[N e N eNel

C SUSBRJUT INE PULE-

APPENDIX D — Continued

SUBROUT INE BCB(K,DEL,sNU,B,08B,0,DD)

SUBRUUTINE BCB-— TFIS SUBROUTINE CALCULATES THE BENDING STIFFNESS
oDy THE MENBRANE STIFFNESS,B, AND THE OERIVATIVES DOF D AND B,DD AND
DBy RESPECTIVELY, FOR A SHELL COMPOSED CF A CORE HAVING NO STIFFNESS
AND TWO SYMMETRICAL COVER PLATES

REAL NULsNsLAV

HRB=HRA(K,LCEL}

UHRB=DHRA(K,LEL)

H=HHT (K,DEL)

DH=DHHT (K, CEL)

PD2=1.—-NU*%*2

B=2.%¥H/ (C2*HRR)

D=H#*3% {3 ./ {2.%HhRB)-3./FRB**242 . /HRB*%3)/(D2%3,)

UB=2.*%CF/(C2%FRB)— B*CHRB/HRSB
DO=3.%CH*D/F+F**¥3%DHRB/ (D2 *HRB**2) *(— o542, /HRB~ 2., /HRB*%2)

DD=DL/3.

KETURN

END

SURBRUUTINE PCLE(N,DELyAl,A2)

C A CLUSED SFKELL

UIMENSICN 21(4,4),A204,4)
REAL N

DO L I=1y4

DO 1 J=l,y4
Al(I,44)=0.
A2{1,4J)=C.
IF(N.EC.O.) GC TO 2
IF{{NsECale}aCRe(NLEY~1.)) GO TO 3
Al{l,1)=.5
Al(242)=.5
A2(1lsy1)=.5
A20242)=45
[F{N.NE.2.) GC TO 4
A2{(3,3)=1./CEL
All3,3)=—1./0EL
Al (4,4 )=—1./LEL
A2{444)=1./CFL
RETURN

Al l4,4)=.5
A2{444)=45
Al(343)=.5
A203,3)=.5
KETURN
Alll,11}=.5
All2,2)=.5
All3,3)=—1./CEL
All4y4)=—1./CFEL
A2(1,1)=.5
A2(242)=e5
A2(343)=1./DEL
A2{4s4)=1./CEL
RETURN
Al(241)=.5
Al(242)=.5
Al{1l,1)=—1./DEL
Al(3,3)=.5
Al{4,4)=.5
A2(2,1)=.5
A2(242)=45
A2(1ls1)=1./DEL
Al(343)=.5
A2(4y94)=.5
RETURN

END

THIS SUBROUTINE CALCULATES THE FINITENESS CONDITIONS FOR
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APPENDIX D — Continued

SUBROUTINE INPUT (NMAX, IND6}

COMMON
1/BL1/R(102),GAV{1C2),0MT(1C2),0OMXE(102),DEOMX(L1C2)
3/BL3/NU,LAV,N,EALSIG,CHAR,DEL
9/BL9/D{4+4)92C0T(4,4102),2ZDD0OT(4,102)4EPS
6/BL14/A0,TIM,CPS

REAL NyRUoLANV

PI=3.141562€653¢58979

RI= 40.1
RU=90.
ANG= Pl/6.

DEL= (RG— RI)/{(RO*CCSUANG)*FLOAT(NMAX-2))
R{NMAX)= 1.0

R{l)= RI/RC

DELR= {(R(NMAX)—R(1)}/ FLOAT(NMAX-2)
K(2)= R(1)+ DELR/2

NML= NMAX-1

DO 1 I=3, NVM1

R{l)= R(I-1)+ CELR

DO 2 I=1y MMAX

GAM{I1)= COS{ANC)/R(T)

UMTL(I)= SINM(ANC)/RII)

OMXI(I)= 0.

2 DEOMX(I)=C.
IF RUNTYPE = 2 OR 3 ThEN SET EE AND RHO TU FIND TIME INCREMENT, EPS. HERE
EE IS THE MGLULLS CF ELASTICITY AND RHO IS THE DENSITY{LBS/IN%*%*3)

GACC= 386.CEEE27
EE= 105C0C(C.

RHOA= C.1
RHO= RHCA#%z.75/27.
SS= EE/REC

EGRHO= S$S*GACC

EPS= SCHRT(ECRFC/CHAR®*%2)%*T IM
RETURN

END

FUNCTION RbT(K,DEL)
HHT=1,

RETURN

END

FUNCTION TEMP(K,DEL)
TEMP=0.

RETURN

END

LR R R R I L R I R R R R E E R R ]



FUNCTICN CTEMF(K,CEL)
uTEMP=C.

RETURN

ENU

FUNCTIUN CELY{K,DEL)
DELT=0.

KETURN

eND

FUNCTIUN CHET{K,CEL)
UHHT=0.

RETURN

END

FUNCTICN FRA(K,CEL)
ARA=2T .

KETURN

END

FUNCTIGN CHRA({K,DEL)
DHRA=0 .

RETURN

END

FUNCTICN CCELTIK,CHL)
OBELT=C.

RETLRN

END

APPENDIX D — Continued
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APPENDIX D — Continued

- FUNCTION P(K)

COMMON /BL3/NU, LAM, Ny EALSIGy CHAR, OEL
COMMUN /BL9/ L(4,.4)y IDUT(4,102), ZDDOT(4,102), EPS
COMMON/BLLIC/ JTIME
C/BL12/INITZ
6/8L14/A0,TIM,CPS

COMMON /BL1€/TAU
K/BL1B/RUNTYPE, JUMP(5)

INTEGER RUNTYFE

REAL N

REAL LAM

DATA P1/3.14156265358979/
cPS=10.

TIM=.05/CPS

TAU= FLCATU{JTIME)*TIM

PSIBAR = S5.*%P1/180.

FEE=PI/6.

PSI= PSIBAR*SIN(CPS*TAU*2.%P1)
Q=l./LAV

SA=SIN{PSI)

CA=COS(PST)

SF= SIN(FEE)

CF=COS{FEE)

PO= —Q* (SASSAXSFXSF+ 2 J*CA*CA*CF*CF )
Pl= —4.%Q*CA*SAXSF*CF

P2= —Q*SA*SAXSF*SF

IF (N .EQ. C.) P=PO

IF (N .EC. 1.) P=P1

IF (N JEC. 2.) F=P2

RETURN

END

FUNCTION PT(K,CEL)
PT=0.

RETURN

END

FUNCTIGN PX(K,CEL)
PX=0.

RETURN

END

FUNCTICN ZINIT(KK, I)

KK= 1 IS FCR ZINIT= U XI(I,0)
KK= 2 IS FCR ZINIT= U THETA(I,0)
&K= 3 IS FOR ZINIT= W(],0)
ZINIT=0.

RETURN

END

L A R R R K I R S e e R Ve ooy

L B BE B 3



a0

11

12
14

APPENDIX D — Concluded

FUNCTION ZCINIT(KK, I)

KK= 1 IS FCR ZLINIT= U XI 0OT(I,0)
KK= 2 IS FCGR ZDINIT= 1) THETA DOT(1.,0)
KK= 3 IS FCR ZCINIT= W DOT(1,0)
IDINIT= 0.

RETURN

END

PRUGRAM SUMUF { INPLT, OUTPUT, TAPEL4)
DIMENSICN ANSI(11, 39, 21)

INTEGER FREC
INTEGER RUNTYPE
FORMAT (/1x#STa%

2X€N XI%*8X¥N THETA*5X%N XITHETA*3X*SHEAR*7X

L %M XI*8X*V THETA*5X%M XITHETA#3X*U XI *6X*¥ UTHETAX6X*WX11X*PHI*)

FCRMAT (1Xs12,11E12.3)

FORMAT (*1#2SX*1HE TIMESTEP [S*[645X*TIME=*E15.7)

DATA P1/3.14156265358979/
KEWIND 14

CALL RECIN(l4, 1, IC, FREQ, NMAX, NTIME,

LL=1
IF(RUNTYPE.FCa. 2) LL=2
TRET=AK#*P]

PRINT 9, FKEQ, NMAX, NTIME, NFCURy THET

NFOUR

AK,

TIM,

RUNTYPE)

D> FORMAT (SX*FREC=%*164 IOXENMAX=%]6 yLOX¥NTINME=%16, 1CX*NFOUR=*[6

20

13

1 /5%x%THETA=%EL14.7)
KK =11
N1=(NMAX-2)/FRFGC+2
NFULR=NFGLR+1
DO 20 J=l.Nh1
bCL 20 I=1, KK
DU 20 K=1,4MTINME
ANS (I 9 JeK) =0,

DU 3 M=1,NFCUR

AN=M—1

ANG=AN*THET

DG 3 K=LLyNTINE

DL 3 I=1,KKk

DO 3 J=1,M1

CALL RECINCL4, 1, IC, ABC)

1F ({Tafie 3) «CRo(IEQ.T) CRe (I14EQ9).0R.(I.EQ.11))G0O TO 2

ANS (I, JyK)=ANSE Ty JeK) +ABCECOS (ANG)
GC Tu 3

ANS(T 4 JyKI=ANS(TydyK)+ARCESINIANG)
CUNTINUE

DO 13 K=LL NTIME

NCYC= K-1

TIME=TINM#FELCATINCYC)

PRINT 14, NCYC, TIME

PRINT 11

DO 13 J=1,A1

L=J+(J-2)% (FREC-1)

IF (J «EG.1) L=1

IF (J JEC.2) L=2

IF (J .EQ.MVAX) L=NFAX

PRINT 12, Ly (ANSUI,JyK)sI=1,KK)
CCNTINUE

STaP

END UF SUMLP

* % X RN R

E 3K K 2R B BE IR BE 3R AN R K 2R L E K R BE B K B SR BE NE B AR O

L 2L SE JE B0 SR BE L JEE BE SR N R BRONE KN 2R B 2R K K
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